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PEEFACE TO THE THIRD EDITION. 



In thjf edition a Chapter on Drop Valve Qears has been 
added, and the original portion of the work has been 
Q^ revised. 



BUBTON JOTGB, 

Notts, November, 190$, 



PEEPACE. 



In the preparation of this work it has been ray aim, as 
far as possible, to deal with the subject of Valve Gearing in 
a simple and interesting manner. 

Whilst in the main adopting the Zeuner diagram, as being 
the most suitable for determining the proportions of Valve 
Gear, I have not confined myself exclusively to that method 
of solution ; my object being to show that valve movements 
may be described in various ways, each possessing its own 
advantages. 

In the First Part, chapter I. treats of the common Slide 
Valve and its modifications; the second chapter is devoted 
to Expansion Valves and Automatic Cut-off* Gearing; and 
the remaining chapters deal with Link Motions and other 
Reversing Gears. 

The Second Part treats of Corliss Valves and Trip Gears, 
ft branch of the subject which has hitherto received but 
ittle attention from writers on Valve Gearing. 

I have to acknowledge my indebtedness to several eminent 
firms who kindly furnished examples of the best modern 
gears ; and I have also to thank my friend, Mr. F. H. Parker^ 
for his assistance during the preparation of the work for 
press. 

CHARLES HURST. 

WiOAN, June, 1897. 
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CHAPTER I. 
SIMPLE VALVE GEAR. 

Contents. — Area of Ports — Lead— Point of Cutotf — Diagram of Simple 
Valve — Percentages of Release and Compression — Application of the 
Diagram— Divided Valves — Valve Diagram — Effect of Connecting - rod 
Angularity and Equalisation of Steam Distribution — Ellipse Diagram — 
Double- Ported Valve — Trick Valve — Thom's Trick Valve — Valve 
Diagram for Tandem Engines — Valve Spindles— Valve Pins — Balanced 
Valves — Piston Valve. 

In dealing with valve gears, the common slide valve suggests itself 
as being a suitable starting point, for once the simple diagrams and 
requirements relating to it are understood, the subject leads easily 
and naturally to the consideration of more complex gears. 

Area of Ports. — The first consideration vsrhen designing any 
valve gear is the amount of steam and exhaust openings requisite 
for the free passage of steam. It has been found that the velocity 
of steam entering the cylinder should not exceed 6,000 to 7,800 
feet per minute j while that of the exhaust should not exceed 
4,800 to 6,800 feet per minute. 

Let A = area of port opening in square inches. 
D = diameter of cylinder in inches. 
P = piston speed in feet per minute. 
V = mean velocity of steam in feet per minute. 
V^ = mean velocity of exhaust in. feet per minute. 



Then 



D27 X P 



1 



2 SIMPLE VALVE GEAR. 

The area of opening for exhaust will be — 

D2- X P 

4 
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In deciding upon the values of Y and V^, regard must be had 
to the length and shape of the ports, and to the intended pressure 
of steam. In long-stroke slide valve engines the lesser velocities 
should be taken ; but in Corliss engines, where the ports are short 
and direct, the higher values of V and Y^ may be taken without 
fear of wiredrawing. The frictional loss of steam in the ports is 
pr(^portional to its density ; hence it is necessary to consider the 
pressure when calculating the area of passages. An instance of 
the effect of this consideration may be found in a well-designed 
compound engine. In the high-pressure cylinder the ports may 
have such an area as will give a velocity of, say, 5,700 feet per 
minute to the steam and 5,200 to exhaust; but in the low-pressure 
cylinder it is not uncommon to find these velocities to be 7,200 
and 6,500 respectively. 

Having determined the area of the ports, the length must be 
fixed upon to find the width ; or, if the width be settled, the length 
is easily found. It is to be noted that the steam port should be 
equal in area to the amount given by the formula for exhaust— that 
is, in slide valve engines — as it is evident that the exhaust must 
pass through the steam port. Allowance sho Id be made for any 
ribs which may be cast in the ports, as they contract the passages. 

Lead. — in fixing the amount of lead, the chief point requiring 
attention is the piston speed. Other things being equal, the lead 
increases as the piston speed. Large clearance engines require 
more lead than Corliss engines. A common practice is to allow 
in medium-stroke engines -^ inch linear lead for every 100 feet of 
piston velocity. In vertical engines the lead on the top side of the 
cylinder is less than on the bottom, for two reasons. Firstly, because 
gravity is against the piston, piston-rod, crosshead, and connecting- 
rod on the up-stroke; and secondly, because most of the wear in the 
joints of the link is in a downward direction. Tt is a common 
practice, when first setting vertical engines to work, to give on the 
top side half the lead given on the bottom end. 

Point of Cut-off. — The percentage of cut-off with a common 
slide valve may be from f to J of the stroke. Greater expansion 
than the earlier cut-off given should be obtained by expansion 
valves ; with a later cut-off than J there is likely to be excessive 
back pressure. A cut-off at 75 per cent, is very convenient ; the 
exhaust and compression then being quite satisfactory, and the 
travel of the valve not abnormal. 

Having decided upon these points — namely, the port opening, the 
lead, and the percentage ot cut-off — the design of the valve may be 
at once proceeded with. 

Diagram of Simple Valve.— On a horizontal line A B (Fig. 1), 



DIAGRAM OF SIMPLE VALVE. 



draw C D for the position of the crank when steam shall be cut-off. 
From 0, make E equal to the lead, and draw E F perpendicular to 
A B. Draw B G parallel to E F, making E B equal to the required 
width of steam opening. Next, draw H at right angles to C D, 
cutting the line E F at J. Bisect H J F by Une J K. On J K find 
the centre of a circle which shall pass through and touch the line 
BG. Let L be the centre thus found. Then, in the diagram, LC or 
L G equals 'the throw of the eccentric, or half the travel of the 
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valve ; L H is the amount of outside lap, and L C is 

the eccentric sheave relative to the position L 

LM being parallel to AB. On LC describe the\ primary 

circle C H L. This circle cuts the lap circle H K in ~ 

line L H B. This is the position of the crank when o^T^onyOccurs. 

The line L R should be parallel to C D ; and the fulfil] 

condition is a test for the accuracy of the diagram. 

That this construction is correct is proved by tW following 
rea8on;ing : — The line H C is drawn at right angles to II ; and in 
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the semicircle L H C, the angle C H L is a right angle (Euclid's 
Elements, Bk. iii., Prop. 31); LR is therefore at right angles to 
H C, and, consequently, parallel to D 0. 

Again, because the circle H K O is drawn so that the line H is 
tangent, the line L R is at right angles to that tangent (Euclid, Bk. 
iii., Prop. 18), and therefore parallel to the given line of cut-off D C. 

That the maximum port opening is equal to the given amount 
E B can readily be shown. The line E F is drawn at right angles to 
A B, and so is line B G. Therefore, E F and B G are parallel. The 
line EF is also tangent to the circle KHO, by construction; and, 
therefore, since the half travel of a slide valve is 9ccupied by lap 
and port opening, the distance L G is equal to the port opening plus 
the lap. But it has been shown that VG is equal to the port 
opening; therefore L V is the lap 
/r"^^ The whole principle of the Zeuner diagram is directly founded 
\ V vl f * ^' ^^ *^® ^^^^ proposition of Euclid's third book ; and the truth of all 
i ., ^" ^v diagrams can be proved by reasoning similar to that given above. 
/"^ '] *"; Taking any position of the crank, as at LN, the condition of 

things is clearly shown by the diagram. The port will be open to 
steam an amount equal to O P, given by the distance between the 
lap circle and the valve circle on the line of the then position of the 
crank. Also, at this position, the valve is distant to the left of its 
centra] position an amount equal to LP. At crank position L 
the valve is at its greatest distance to the left of its central position, 
the port opening being equal to Q C ; Q being equal to E B as 
arranged for. Again, at LRthe valve has just closed the port; 
L H being its displacement to the left of its mid position. At L S 
the valve has arrived at its central position and travels to the right 
until L K is reached. It now returns and arrives at its central 
position at L T ; the line S T being at right angles to L C. At L U 
the port is open ready for the commencement of the stroke. 

Thus far only the action of the entering steam has been con- 
sidered. In order to study the exhaust Fig. 2 is constructed. In 
actual working this diagram would not be drawn separately, but it 
is to facilitate explanation and avoid confusion that two diagrams 
have been drawn in this instance. 

Make L C, L H, and angle C L U, respectively, equal to L C, 
L H, and angle C L U in the first diagram. Produce C L to Y, and 
on L V describe the secondary valve circle. Now, as the primary 
valve circle gave the port openings to steam for any crank position 
from T to S, so will the secondary valve circle give the port openings 
and valve positions for any point of the stroke from S to T, in the 
direction of the arrow. 

Taking a case in which there is no inside lap, at crank position 
L S, the valve is in. its central position, as previously explained ; 
and it is evident that when it is in this position the valve is about 
to open for exhaust either one port or the other. L S, therefore, 
represents the position of the crank when release occurs. The 
port is being opened from S to V. Of course, the opening cannot 
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exceed the width of the steam port, so that, if from L as centre, an 
arc A B be struck, the radius of which is equal to the width of the 
steam port, it is clear that the maximum port opening is attained 
at crank position L D, and this opening is maintained till L E is 
reached. At this point reduction commences and continues till L T. 
At L T the port is closed, and the steam remaining in the ports 
and cylinder is compressed until admission occurs at L U. 

Considering now the effect of inside lap, it will be observed that 
positive inside lap delays release and hastens compression ; while 
negative lap has the reverse effect in an equal degree. From L as 




centre, and with radius equal to the inside lap, either negative or 
positive, describe the circle M N. This circle cuts the primary 
vnlve circle at the points O and P, and the secondary circle at Q 
and R. F om L draw lines pas-ing through these points, and pro- 
duce them to the circle C D E. Then, with positive lap, L I is the 
position of the crank at release, and L J its position at compression. 
With negative lap, L F is the release position, and L G compression 
position. The same result may be obtained by a differ <^nt method. 
On S and T as centres, and with radius equal to M N (the inside 
lap), describe the circles I F and G J. These circles cut the valve 
travel circle at points F G I and J, and these are the required points. 
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In practice, however, it would usually happen that the points of 
release and compression would be decided upon. Then it would be 
necessary to obtain the inside lap to effect the desired result. Let 
F and G be the points decided upon. Join F and G by the straight 
line F N G. Then, if this line be parallel to S T, L N is the required 
negative inside lap; the circle MN having FN G as a tangent. 
If I and J were the poiats chosen, L M would be the necessary 
positive inside lap, the line I J being parallel to S T. 

This construction only applies to cases where the line joining the 
two chosen points is at right angles to the centre line of the valve 

rig 3. 




circles ; and when this is not the case it is to be concluded that no 
amount of lap, neither negative nor positive, will effect the required 
distribution ; but it is easy to arrange matters so that the resulting 
distribution shall be a compromise between the two points. In the 
figure above, A B rei)resents the centre line of the valve circles, and 
C D is at right angles to A B. E and F are the chosen points for 
release and compression. But the line E F is not parallel to C D ; 
therefore this distribution is not possible From E make E G equal 
to FD. Bisect the arc CG in H, and draw H J parallel to C D. 
If the lap be made equal to K L, release and compression will be at 
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H and J respectively ; and these points will be the nearest approach 
to the required distribution that it is possible to attain. When 
the line joining the two given crank positions intersects the primary 
valve circle the lap will be negative ; and when that line intersects 
the secondary valve circle the lap will be positive ; and when the 
line is at right angles to the centre line of the valve circles there 
will be no inside lap whatever. 

In Fig. 2, if there be negative lap equal to L N, the port will be 
fully open to exhaust at crank position L W; the arc, whose radius 
equals the width of the steam port minus negative lap, being struck 
from L as centre. L X is the point at which reduction commences. 
With the same amount of positive lap, it is evident that the port 
wiJl never be fully open to exhaust, as shown by the arc falling 
without the valve travel circle. 

Percentages of Release and Compression.-— in determining 

the most suitable point for compression, the clearance is the chief 
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Section at ab. Section at cd. 

point to consider. The most satisfactory way is to plot down the 
probable indicator diagram, and by means of the hyperbolic curve, 
to find a compression that will give a final pressure in the cylinder 
to balance the momentum of the moving parts. Having settled on 
this point, the valve diagram is drawn, and the release point finds 
itself. It is possible that release may fall before cut-off, in which 
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caee less compreBsion must suffice is ordei' to cause release to &11 
later in the stroke. Release at 93 per cent., and compressioD at 
89 per cent., have been found very satisfactory for horizontal 
engines, with piston speeds of from 460 to 600 feet per minute, 
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and with clearance volumes of from S to 10 per cent, of the piston's 
displacement. 

Iti hif^h-speed vertical engines, it is tlie practice to give more 
compression on the under side of the piston, in order to counteract 
gravity. A com|iression at 82 per cent, on the bottom side is not 
uncommon in such oases. 
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Application of the Diagram.— The practical application of 
the valve diagram is illustrated by Fig. 4. A is the width of the 
steam port as obtained by calculation. B may be any convenient 
dimension. Then should equal distance LC (i.e., half travel of 
valve, see Figs. 1 and 2) + A (Fig. 4) + L ; L being pltLS for posi- 
tive inside lap, and minus for negative inside lap. When the port 
and valve faces are thus designed, the port opening through will 
never be less than the width of the steam port; that in, assuming 
that the width of the bar, 6, is less than L C - L when there is 
positive lap; and LO + L when there is negative lap. The edge 
of the valve, D, must on no account slide past the outer edge 
of the port face, E. 

The following is a very useful extension of the Zeuner diagram 
for solving the foregoing problem :— 

Let AB in the upper diagram of Fig. 5 represent the position of 
the crank when it is desired to cut off. Bisect the angle B A C by 
the line A D. In the lower diagram, draw the circle E H equal to 
he assumed circle B D above. Make angles G F E and G F H 
both equal to angle D A B or D A C ; and join E and H by the 
line crossing the horizontal at K. From K, lay off K L equal to 
the required maximum port opening mmus half the lead the valve 
is to have. Join G E, and draw L M parallel to G E, cutting H E 
produced, in M. From M draw the horizontal M R, intersecting 
F E produced, in R. Then F R is the half travel of the valve. 
Draw the circle RSW. From W, lay off the maximum port 
opening W V, which discovers the lap F V. Draw the lap circle ; 
and make V N equal the given lead. Draw the perpendicular N X. 
Then FX is the eccentric position when the crank is on dead 
centre ; and drawing the valve circle having F X as a diameter, will 
show the steam action. In the figure, admission is seen to be at 
F V, and cut-off at F S, and F S is parallel to A B above. 

Divided Valves. — When the stroke of an engine is very long 
in proportion to the diameter of the cylinder, the clearance with a 




slide valve is great. This clearance, however, may be considerably 
reduced by placing a valve at each end of the cylinder. Fig. 6 
shows such an arrangement. The section of the front valve is taken 
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through the hoss for spindle ; whilst the back is shown by a section 
above the spindle, and shows the dish-shaped form of the valve. 
The proportions of the port and valve faces are here given. 

A = width of steam port. 

B = half travel of valve. 

C = half travel of valve + J inch to 1 inch. 

A case may frequently arise in which the travel of the valve, 
lap, and lead are known, and it is required to find the points of 
cut-off, release, and compression. This problem presents itself 
when the, actions of existing valves are being considered, so that 
alterations can be made if the steam distribution be found unsatis- 
factory. 

Valve Diagram.— On AB (Fig. 7) draw the circle ABOD, 
equal in diameter to the given travel of the valve. From centre 
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E, and with radius equal to the given outside lap, describe the 
circle F G. From centre A, and with radius equal to the given 
lead, describe the circle. The line H J drawn as a tangent to the 
lap and lead circles cuts the circle A B D in H and J. E H is the 
position of the crank when admission takes place, and E J is the 
crank position at cut-off. From K, set off K L equal to the lead, 
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and erect a perpendicular L M. Join E and M. Then E M is the 
position of the eccentric sheave relative to the position of the crank 
E B. Produce M E to N, and on line M N describe the primary 
and secondary valve circles. The completion of the diagram is now 
a simple matter, and it will suffice to say that E O is release point, 
and E P compression point, the valve having no inside lap. The 
arrow indicates the direction of rotation, or rather the direction in 
which the steam distribution is traced; and although the eccentric 
is spoken of as being at E M, it should be remembered that this is 
its position relative to the real position of the crank E B, as said. 
To show the eccentric relative to the crank when at A E, the line 
E U is drawn ; angle E XJ being equal to angle OEM. 

In all cases connected with the ordinary slide valve, it is well to 
remember that the crank being on dead centre, the centre of the 
eccentric sheave is in advance of the crank by 90 degrees plus the 
angle necessary for lap and lead ; and further, if the valve had 
neither lap nor lead, the eccentric sheave would be at right angles 
to the crank and leading. 

If, to any convenient scale, B Q be made equal to the stroke of 
the piston, the distance of the piston from the beginning of the 
stroke for any crank position is given by the distance between the 
valve travel circle ABC, and the circle Q R A, on the line indicat- 
ing that position. Thus, at crank position E J, J B is the distance 
of the piston from the beginning of the stroke. Similarly, the 
circle Q T S gives the distance of the piston from the end of the 
stroke for any crank position. At crank position E J, R T is the 
distance of the piston from the end of the stroke. JR + RT = BQ, 
wherever J R and R T may be. 

Effect of Conneeting-Rod and Equalisation of Steam 

Distribution. — In all previous diagrams the angularity of the 
connecting-rod has been neglected ; but in most cases it is necessary 
to take this angularity into account. The Zeuner diagram admits 
of this, but not of that of the eccentric-rod ; the ratio of the leno;th 
of the eccentric-rod to its travel, however, being in most cases 
great may be neglected. The effect of connecting-rod angularity 
is to cause events in the forward stroke to occur later than the 
corresponding events in the back stroke. Thus, a connecting-rod 
of ^YQ cranks in length would cause a cut-off at 75 per cent, in the 
forward stroke to occur at 68*75 per cent, in the back stroke ; and 
with a shorter rod the difference would be greater. It is possible to 
equalise these events. It is also possible to equalise release 
and compression ; and Fig. 8 shows how this may be done. 
Let A be the crank position at release for the forward stroke. It 
is required to cause release in the back stroke to occur at the same 
fraction as in the front stroke. Produce the line F G, and with a 
centre somewhere on this line describe the arc A D, the radius of 
which bears the same ratio to distance AC, as the connecting-rod 
bears to the crank. P G representing the stroke of the engine, it is 
evident that the piston has travelled a distance GD from the 
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beginning of the stroke when release occurs ; and A C is the 
corresponding crank position for this point. From G-, make G- E 
equal to F D. With centre on F G- produced draw the arc E H. 
Produce C A to B. The distance B H will represent the difference 
between the inside lap of the front end of the valve and the inside 
lap of the back end. For example, suppose that in order to release 
at A C in the front stroke no inside lap were required ; then the 
back end of the valve would have no lap, for it is the back end of 
the valve which controls the forward stroke. But if release is to 
occur at C H in the backward stroke, the front end of the valve 
must have positive inside lap equal to B H, because the front end 
controls the backward stroke. 




Dealing now with compression, it will be observed that if C B 
represent the crank position when this event takes place, the piston 
will be distance GJ from the end of the backward stroke; FG 
representing, as before, the whole stroke. From F, make F L equal 
to G J, and draw the arc L K. Produce OB to A. Then A K 
will be the difference between the inside laps of the valve in order 
to equalise compression. In the present instance B H = A K ; 
therefore both compression and release are equalised. 

It has been mentioned that cut-off may be equalised. Fig. 9 
shows how this may be effected : — C B is the position of the crank 
at cut-off, in the forward stroke. A is the centre line of the 
eccentric. Produce AC to D ; and on A D describe the valve 
circles. C F is the lap circle for the back end of the valve. With 
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the length of the connectiag-rod as radius, draw the arc BG. 
Make JK equal to EG, and draw the arc HJ. Join C and H. 
Where C H crosses the secondary valve circle (this circle being 
really the primary circle for the back stroke) describe the circle L O, 
the radius of which will be the necessary outside lap for the front 
end of the valve. Equalisation of cut-off has been obtained at the 
expense of unequal port openings (F A being the amount for the 
back port, and O D the amount for front port) and unequal leads. 
This is a serious objection ; hence, equalisation of cut-off with the 
common slide valve is never attempted in practice. 




Ellipse Dlagfram. — A convenient way of studying the action 
of the slide valve is to plot the motion of the piston as abscissa, 
and that of the valve as ordinate. On a horizontal line (Fig. 10) 
draw the path of the crank pin to any convenient scale, and divide 
it into any number of equal parts. On the horizontal line, and to 
any convenient scale, draw the eccentric circle. Make the angle 
G c a' equal to the angular advance of the eccentric. From a' divide 
the circle into equal parts to correspond with the crank-pin circle. 
Draw the arcs for the connecting-rod and the eccentric-rod, the 
centre line of the eccentric-rod, A B, being at right angles to the 
centre line of the crank-pin circle, A G. Starting at point a on the 
crank-pin circle, erect a perpendicular a 1. a' is the corresponding, 
eccentric position, and D will be the valve position. Project D L 
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horizontally, meeting the vertical a I at 1. The first point in the 
curve has now been obtained. Repeat the process for each position, 
and draw a fair curve throus;h all the points thus found. This 
curve is called the valve ellipse. Draw E F parallel to a G, and 




remote a distance equal to the outside lap. This line cuts the 
valve ellipse at points E and F. E is the point at which admission 
occurs ; and F is the point of cut-off. Projecting these points to 
the line a G, which represents the stroke of the piston, their per- 
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centages may be easily obtained. When the piston is at a — that 
is, the beginning of the stroke — the valve will be distant, a E, from 
its mid position. Again, at piston position, H — the projection of 
F — H F is the displacement of the valve from its central position, 
and the port is just closed to steam. If J K be parallel to a G, and 
remote a distance equal to the positive inside lap, K and J will be 
the points of release and compression respectively. For negative 
inside lap, L M would be drawn above a G ; and L and M would 
be the points of compression and release respectively. The upper 
shaded portion of the tigure will give the port openings to steam 
for any crank position ; whilst the lower shaded portion illustrates 
the opening to exhaust. 

It is evident that this diagram is not suitable when designing 
new valves, but for tracing the action of existing gear, where the 
travel of the valve and the angle of advance are known, it is very 
convenient, inusmuch as it permits of both connecting-rod and 
eccentric-rod being taken into account. This is the only advantage 
over Zeuner's diagram. 



Section on Y Z 




Section Oh. UV, | 



Section on S. ^, 




Double-Ported Valve. 

Double-Ported Valves. — Cylinders of large size require ports 
of considerable width ; and consequently, the necessary travel of 
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the valve becomes excessive. Other thiugs being equal, the work 
required to actuate the valve varies directly as the travel ; hence 
it is desirable to make the travel as small as possible. The double- 
ported valve gives twice the steam opening of an ordinary valve 
with the same travel, and is much used for large cylinders. The 
valve diagram is drawn exactly as for an ordinary valve. The port 
openings and lead, however, will be twice the amount shown by 
the diagram. An example of a double-ported valve is given in 
Fig. 11. The correct proportions of the port and valve faces are 
here given : — 

A = half total width of required exhaast opening. 

C = 2 A + half travel of valve + inside lap ( + L for positive lap, — for 

neg.) - B. 
£ = half total width of required steam opening. 
F = half travel of valve. 
D = E + G + F + outside lap. 
J = A. 
H = 2A. 

Area of passage K = area of one steam port. 

M = not less than A ; preferably more. 

B and G, of course, are empirical. 

The figure shows a valve suitable for a vertical engine. The 
spindle is prolonged to carry a balance piston at the top of the 
steam chest. The chipping strips at the entrance of the valve 
ports not only facilitate the finishing up to the exact sizes, but 
give an increased area for steam through the valve. This is an 
advantage ; for it is evident that the boss round the valve spindle 
reduces the area of these passages. The chipping pieces compensate 
for this reduction. 

Trick Valve, — Fig. 12 shows a form of slide known as the 
trick valve ; a design which gives a better steam opening than an 
ordinary valve. An inspection of the figure will render its action 
apparent. E is a passage in the valve which will admit steam from 
the left-hand side of the valve to the right-hand port, or from the 
right-hand side of the valve to the left-hand port, when the edge 
of the valve T slides past the end of the port face. The port and 
valve faces are so disposed that at the instant this occurs, the 
port will also be opened by the edge F, thus admitting steam 
as an ordinary slide valve. The proportions of this valve are as 
follows : — 

B = half required width of port opening. 
A = 2 B + C, if sufficient for exhaust. 

L is the outside lap, as obtained from valve diagram. 
D= L. 
M = half travel of valve. 

Area of passage E = half area of port opening. 

It is important that the edges H do not open the port before 
the edges G have closed ; otherwise, the steam in passage E will 
be lost at each stroke. When the above proportions do not admit 
of this, B may be reduced the required amount, the reduction being 
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compensated by an increased opening past the edge F; which 
means a little extra travel. If tJie point of cut-off is to be main- 
tained, the increased travel will alter the lap ; and it is probable 
that the ports will have to be re-arranged to suit the altered oircum- 
Btances. 

The valve diagram calls for no comment, except that the true 
port opening ia not the amount shown by the figure. The lead is 
twice the amount shown. An equalisation of release and coinpres- 




Triok Valv*. 

sion has been obtained by inside lap on the front end of the valve. 
The trick valve should have chipping strips at the edge of the ports 
in order to compensate for the reduction of area due to the boss of 
the valve spindle. 

Thorn's Trick Valve. — Thorn's patent trick valve is an ingenious 
and useful invention, and has been successfully applied to many 
low-pressure cylinders of marine engines. In 'Fig. 13, the valve is 
shown in its central position, and the corresponding position of the 
piston is also indicated. Under these conditions, steam is entering 
from the top, through the pHtent passage, to the bottom side of the 
piston. A sligbt movement of the valve in the upward direction 
will destroy this connection ; and the piston, continuing Its down 
stroke, will compress the ateam remaining in the cylinder and port 
at the bottom end. When it is remembered that the terminal 
pressure of most condensing engines is very low, the difficulty of 
obtaining satisfactory compression will be appreciated : and the 
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advantage of this valve is, that it substitutes steam of a pressure 
equal to that at release pointy in place of a vacuum that approxi- 




Thorn's Trick Valve. 

mates to that of the condenser. A proper compression is thus 
obtained, the ports are hotter at the commencement of the next 
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stroke than they would otherwise be, and hence there is less con* 
densation ; and a saving of steam at release point pressure, and in 
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volume equal to the capacity of the ports and clearance, will be 
effected at each revolution. 

The proportions of this valve may be as follows : — 

B = lap as obtained from diagram. 
C = half required width of port opening (steam). 
A = 2C + G. 
K = B. 
D + E = necessary width for exhaust. 

F = half travel of valve + say i inch for tightness. 

It will suffice if the communication between the ends of the 
cylinder occur when the valve has moved in a position in which 
the exhaust has closed by about | of an inch. The accompanying 
diagram will illustrate the action. Let D represent the travel 
of the valve and also the stroke of the piston. Let H E be the 
position of the crank when compression commences, the direction 
of rotation being that indicated. The corresponding position of the 
piston is A. Make EF equal to the desired cover of the valve 
before communication takes place. H F is the crank position, and 
B the piston position when communication takes place. Let FG 
equal H (Fig. 13), the distance between the edge of the valve J 
and the edge of the port. Then communication will exist while 
the crank is travelling from F to G, and the piston from B to J. 

Valve Diagram for Tandem Engines.— in tandem engines, 




where the valve of the back cylinder is worked by .a prolongation 
of the valve spindle of the front cylinder, it is evident that the 
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travels and the ac^^ance angles of the two valves will be the same. 
Suppose the front valve already designed. Having decided upon 
the lead of the back valve, all necessary data are to hand for the 
construction of a diagram. From O as centre, draw the valve 
travel circle A B D. Draw O A, the given position of the eccentric 
in relation to the real position of the crank O B. Draw A per- 
pendicular to BD; and from Cy mark off OE, equal to the lead. 
E O will be the lap. Draw the lap circle. Describe also the valve 
circle, giving by its intersection with the lap circle, the position of 
the crank at cut-off OF. E D is the maximum width of steam 
port opening; the area of which being known, the length is ob- 
tained. Should this be found inconveniently long, a trick valve, 
or a double ported valve, would perhaps set matters right in this 
respect ; or the front valve ports might be altered so as to overcome 
the difficulty. O F also may be found unsuitable; in which case, a 
compromise between the two cylinders may be effected, in order 
that this objection may be removed, or at least mitigated. 

Valve Spindles. — The determination of the size of valve spindles 
requires careful consideration, in order that they may perform their 
work without trembling or buckling. 

Let fi at coefficient of friction between valve and port faces. (Take 0*2, 
which allows for weight of valve and friction of staffing boxes. ) 
P = pressure of steam in valve chest, in Ihs. per sq. inch. 
S = working stress on valve spindle at smallest diameter. (5000 to 

6000 lbs. per sq. inch for steel ; 4000 to 5000 for iron.) 
A = fall area of back of valve in sq. inches. 

Then area of spindle at smallest diameter = -^—= — ; which rule 

agrees closely with practice. But this rule must not be applied 
in every case ; for other considerations may modify the dimension 
thus found. In cases where the distance from the valve to the 
spindle guide is considerable, and where the eccentrics are not in 
line with the valve spindle, which would cause a bending action 
on the latter, it would be advisable to exceed the dimension found 
by formula. 

The following table, collated from actual and recent practice, 
will serve to show the effect of various conditions that influence 
the dimensions of valve spindles : — 
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Simple slide valve. Steel spindle. No 

guide for spindle other than stuffing box. 

From centre of valve to centre of eye in 

valve spindle 2" 4i". 
Same remarks apply. Maxianin pressure 

in valve chest 75 lbs. 
Same remarks apply. Maximnm pressure 

in valve chest 16 lbs. 
Simple slide valve. Yorkshire iron case- 


4 
111 

i II 

1 


Double-ported valve. Steel spindle. Max- 
imum pressure in steam chest 25 lbs. 

Meyer expansion gear. Short valve at each 
end of steam chest, fitted with relief 

work low-preas. ' 
Simple slide valve 

imam pressure in 
Meyer expansion gear. Steel spindles. 

Meyer expansion gear. Spindles prolonged 
to worklow-prcBS, valves. Steel spindles. 

Meyer expansion gear. Steal spindles. 
Maximum pressure in valve chest 21 lbs. 

Steel spindles. 
Double-portedMeyerexpansiongear. Steel 
spindles. Maximum pressure in valve 
chest 30 lbs. 
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Valve Pins. — in oonsequeaoe of the slight movement on the 
pina of ordinary valve gears a large surface pressure may be allowed. 
1500 lbs. per square inch of surface is frequently taken, but this 
figure should be used with caution, and varied according to circum- 
stances. Where the reciprocations exceed 600 per minute this 
pressure would be found too great, and 1100 would agree more 
closely with practice. The surface being understood to denote the 
length of the pin multiplied by the diameter, it follows that A being 
the area of the valve, P the maximum pressure of steam in the 
valve cheat, ii, the coefficient of friction, and f the surface pressure 
allowed, the surface of the pin will be — 
APm 
V ' 
Also, if D and L equal the diameter and length of the pio, 
res [Actively, 



D- 



AP^.«.dL=M!f 



pL ' pD. 

The proportion of D to L may be as 1 : 1 '26. Then, 
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Balanced Valves. — The balanced slide valve is not regarded 
with much favour by many engineers, but there can be no doubt 



Common Form of Relief Ring, 
that a well-designed and efficient arrangement ia an advantage, 
particularly in large reversing engines operated by hand. To be a 
Buccess, it is necessary that the relief rings and packings should 
be of the best workmanship, without which the appliance is worse 
then useless. Two common forms of relief rings are shown in 
Figs. 16 and 17. 
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In practice it does not appear that the presence of a balancing 
ring reduces the diameter of the valve spindle to any appreciable 
extent ; it being considered unsafe to rely upon the former relieving 
the valve, so that in the event of the relief ring becoming 
ineffective the engine may still be run with safety. 

Fig. 17 





Common Relief Frame. 

Piston ValVB* — A more effectual way of avoiding excessive 
friction of the valve gear is by the use of a piston valve. The first 
cost, however, is excessive, and its use entails large clearances. 
Fig. 18 is given as an example of a piston valve. The valve opens 
both ports for steam, but ode only for exhaust. In this example 
packing is dispensed witlC The pistons and working barrels are 
finished to inside and outside standard gauges. The barrels are 
forced into position, and secured by set screws to the main casting. 
When the pistons and barrels are thus carefully constructed, and 
have small grooves twined on the face, as shown in the figure, 
the escape of steam to exhaust will be so slight as to be im- 
material 
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Pi&tou Valve. 



The proportions of tliis valve are as follows : — 



C = required width of opening for eihanst, whioh la this daaign mtut 
not be greBt«r than tlie half travel of the valve. 
Sometimes the steam eaters between the pistons. In cases of 
this sort, the real position of the ecoentric relative to the position 
Ffg 19. 



Commoii EHstoD Slide Talve, 
of the crank, will be directly opposite the position indicated on the 
Talve diagram ; that is to say, the eccentric will follow, and not 
lead the crank. 

In the above figure is shown another form of piston valve. The 




two pistons, are part of a cylindrical casting carrying losses throngh 
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which the valve spindle passes, and to which it is secured. The 
packing of the pistons consists of metallic spring rings held in 
position by junk rings at each end of the valve. To prevent the 
rings springing into the ports diagonal bars are cast round the 
entrance of the latter. These bars, of course, contract the steam 
passage, and in calculating the area of steam and exhaust openings 
should be allowed for. The usual practice of having loose liners 
for the working barrels is followed; and the balance piston relieves 
the link motion of the weight of the valve, spindle, and other 
details. 

The valve diagram is appended (Fig. 20), but as the construction 
is exactly similar to that of the slide diagram, it is unnecessary to 
enter upon an explanation. An inspection of the figure will show 
that cut-off is at AB — about 75 per cent. — and compression and 
release are at A and A D respectively. 
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CHAPTER II. 
SLIDE EXPANSION GEARS. 

Contents. — Expansion Gears — Diagram for Expansion Valves — Application 
of Ellipse Diagram to Expansion Gears — Valve Diagram — Design of 
Expansion Valves — Meyer Expansion Gear — Application of the Diagram 
— Expansion Regulator — Double-Ported Meyer Crear — Reynold's Valve 
Diagram, for Single Valve, and for Meyer Gear — Classes of Automatic 
Expansion Gear — HartneU's Governor — Diagram for Hartnell's Expansion 
Gear— Application of the Dia^am — Ruston- Proctor's Expansion Gear — 
Crank Shaft Governor Expansion Gear — Westinghouse Governor. 

It has been remarked that for an earlier cut-off than | stroke, an 
ordinary slide valve is not suitable. In order to obtain the effi- 
ciency of steam at pressures now common, it is necessary, even in 
compound engines, to cut-off at a much earlier point in the stroke 
than can be suitably effected by a single valve ; and the problem 
of attaining the required degree of expansion without disturbing 
the proper points of release and compression presents itself. The 
mechanism employed to attain this end is termed Expansion Gear. 

Expansion Gears. — Expansion gears may be classed under 
three heads : — 1. Expansion gears in which the cut-off is fixed. 
2. Expansion gears in which the cut-off is varied by hand. 3. Ex- 
pansion gears in which the cut-off is automatically controlled by 
the engine through the operation of a governor. 

Fixed expansion gears are now little used, and are only suitable 
for engines having a definite and unvarying load, which condition 
is very rarely the case. However, as the consideration of this class 
embodies the principle of most expansion gears, it will be con- 
venient to investigate it in the first instance. 

In Fig. 21, A is a slide valve having steam ports B B formed at 
each end. This valve is virtually an ordinary slide, with the addi- 
tion ot* the ribs C C, which form the outer side of the steam ports 
B B. Sliding upon the back of this valve is the expansion valve 
D, driven by a separate eccentric, the sole function of which is to 
control the admission of steam. It is easy to see that by arranging 
the eccentrics in a proper manner, the expansion valve can be 
made to slide past the outer edges G G of the ports B B, at any 
desired point in the stroke. 

Diagram for Expansion Valves.--Before considering the 

expansion valve, the main valve must be designed. This is done 
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exactly as in the case of an ordinary slide valve. The width E 
equals that of the maximntn opening to steam, as found by calcula- 
tion. The width of the bar is empiricaL 
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Slide Expanaion Valye. 

In Fig. 22 let A B represent the position of the crank, and A C 
and A D the positions and throws of the main and expansion 
eccentrics respectively. Join C D, and draw E equal and parallel 

Fig- 22 /^ 




to A D. Produce A E to F. On A E and A F, describe circles as 
shown. These are known as resultant circles ] and in the manner 
in which the primary and secondary valve circles illustrate the 
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action of the simple valve, these resultant circles give the motion 
of the expansion valve relative to the main; and this relative 
motion is such as would be obtained by an eccentric whose throw 
and position are given by the line A E, when the main valve is 
supposed to be iixed, and in its central position. 

In this instance the peculiarity of the Zeuner diagram is still 
present. The real position of the crank relative to the eccentrics, 
A and A D, is A B ; but in tracing the action of the steam, the 
motion is supposed to be in the direction of the arrow. 

In each diagram, unless there is a direct statement to the con- 
trary, the arrow shows the assumedy and not the real direction of 
rotation. 

The motion will now be traced throughout a complete revolution. 

Starting at the beginning of the forward stroke, the assumed 
crank position being A G, the expansion valve will be distant A H 
to the left of its central position on the main valve ; which distance 
is given by the intersection of the crank position and the secondary 
resultant circle. The expansion valve continues to move from left 
to right until A J is reached ; at which point it arrives at its central 
position relative to the main valve ; that is to say, the centres of 
the tw(i valves will coincide, and will have, relative to one another, 
the position shown in Fig. 21 ; but Fig. 21 does not show their 
true position relative to the cylinder ports. A J is at right angles 
to AF. The expansion valve now travels to the right of its relative 
central position until A E is reached, at which point it attains the 
end of its relative travel to the right. At A£, the expansion valve 
' is still to the right, as shown by the intersection of the crank with 
the primary circle. At A K, relative mid position is again reached ; 
and when the crank is at A F, the valves are at their maximum 
distance apart. This displacement now decreases, and at A G the 
revolution is completed. 

In order to show that the resultant circles give exactly the 
action of the two valves relative to one another, draw on A C and 
A D the main and expansion valve circles. Take any position of 
the crank, say A C. The intersection of the crank line with 
the main eccentric circle A shows the distance of the main 
valve to the left of its central position on the ports, as explained 
above ; and the intersection of the crank line with the expan- 
sion eccentric circle also shows the distance of the expansion 
valve to the left of its central position. The distance apart of 
the two valves relative to each other is obviously C L. The crank 
line AC intersects the resultant circle in M, also showing the 
distance apart of the two valves. It remains to show that 
AMsrCL. Join EM and D L. Then, because EA was made 
parallel and equal to D, the angle E A C is equal to the angle 
A C D ; and the angles E M A and D L C are right angles and 
equal to each other (Euclid, Bk. iii.. Prop. 31). Then, in the 
triangles EM A and DCL, because the side EA = the side CD 
(by construction) and the angle E M A «= the angle OLD, and the 
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angle E A M » angle LCD, the side A M = the side L (Prop. 26, 
Bk. i., Euclid's Elements). 

By reasoning similar to the above, the resultant circles can be 
shown to give exactly the relative positions of valves for all posi- 
tions of the crank, and for any form of expansion gear operated by 
eccentrics in the ordinary manner. 

Now, consider the effect of altering the throw and position of the 
expansion eccentric. In Fig. 23 let O A and O B represent the 

Fig 23. 




main and expansion eccentrics, and O D the real position of the 
crank. Then O will be the line giving the resultant circles. 
Let the expansion eccentric be advanced to O B'. Then O C is 
the centre on which the resultant circles are described. The 
expansion valve will therefore attain its central position oa the 

^#9 24 




main valve earlier in the stroke, and the relative travel of the 
valves will be greater. 

In Fig. 24 O D is the real position of the crank; O A is the main, 
and O B the expansion eccentric. O C is the centre of the resultant 
circle. Let the travel of O B be reduced to O B'. Then O 0' will 
be the altered position of O 0. The expansion valve will therefore 
attain its central position on the main valve earlier in the stroke, 
but the relative travel will be less. 
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Application of Ellipse Diagrram to Expansion Gears.— 

The resultant circles can be reduced to an ellipse. It will be seen 
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by an inspection of Fig. 25, that the angle of the centre line of the 
resultant circles is put back 90* from its real position in a similar 
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manner to the advance angle in the simple valve ellipse diagram. 
In the present figure, A and B are shown to be central positions ; 
4 and 8 extreme positions. 
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The effect of lap will now be considered. In Fig. 26, let L equal 
the dimension L in Fig. 21. From O, draw O A D. This line will 
represent the position of the crank when the expansion valve has 
closed the port in the main valve. Again, suppose L is positive. 
The expansion valve would then have the form shown by the dotted 
lines in Fig. 16; and L' (Fig. 21) would equal L (Fig. 26). Where 
the circle ABO cuts the secondary resultant circle, draw the line 

E. This line is the position of the crank when cut-off takes 
place y the lap being positive. The following statements are 
deduced from the foregoing observations : — When the lap is 
positive, the point of cut-off is given by the intersection of the lap 
circle with the secondary resultant circle. When the lap is 
negative, the point of cut-off is given by the intersection of the lap 
circle with the primary resultant circle. When there is no lap the 
point of cut-off is given by a line at' right angles to the oentre line 
of the resultant circles. 

In the valve ellipse diagram, if the lap be negative, draw C D 
parallel to, and remote a distance equal to the lap, above the line 

1 5. The line C D crosses the ellipse at 0. Then C' is the position 
of the piston at cut-off; 1 5 representing the whole stroke. Let 
the lap be positive. E F is then the line that determines the point 
of cut-off, it being drawn below the line 1 5. E' denotes the piston 
position at cut-off. 

Having premised these introductory remarks, the actual design 
of the valves will now be considered. 

Valve Diagfram. — On the diagram of the main valve draw the 
crank position when it is desired that the expansion valve shall 
cut-off. In Fig. 27, O A is the line. The position and throw of 
the expansion eccentric are not determined by any exact construc- 
tion. The travel is usually made greater than that of the main 
valve. T x 1 '2 is good practice ; T being the travel of the main 
valve. As to the angle of advance, it has been shown that 
increasing this, increases the diameter of the resultant circles ; so 
that other things being equal, the cut-off will be quicker Hence, 
in practice, it is found that the angular advanoid is considerable. 
Eighty degrees in advance of the main eccentric is very suitable, 
but some makers have a constant angle, which in several cases 
is 90* ; that is, directly opposite the crank. 

Let O B (Fig. 27) represent the throw and i)osition of the 
expansion valve eccentric decided upon. Draw the resultant 
circles. The secondary circle intersects O A at 0. O is the 
amount of positive lap on the expansion valve. 

When the cut-off is nearly at right angles to the centre line ot 
the resultant circles, it becomes difficult to see the exact point at 
which intersection takes place. If, however, a circle be described 
on the expansion eccentric line O B, the difficulty can be avoided; 
for the distance 00 is also given by the distance between the 
intersection of the main valve circle with the cut-off line, and the 
intersection of the expansion eccentric with the same line. In the 

3 
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figure, D and E are the points of intersection ; and D E equals O 0. 
Take another position, say OF. O G is the necessary lap, which is 
also given by H F. Here the lap is negative. 

With regard to the port opening for any particular crank position, 
it is evident that when the lap is positive the port opening is given 
by the distance between the expansion valve lap circle, and the 
intersection of the resultant circle with the crank line. Thus, in 
crank position O J, the port opening is K L. But the actual port 
opening can never be greater than the width of the port 




through the main valve ; so that it would be more correct to say 
that K L is the distance of the edge F (Fig. 21) from the edge of the 
main valve port B. Suppose the lap O C is negative. Then the 
distance of edge B from edge G, would be L O + O K, for the crank 
position O J. 

Desigrn of Expansion Valves.— Referring now to Fig. 21, it 

will be noticed that the expansion valve is not machined the whole 
length of the face, but only for a width, H, past the edge of tlie 
port in the main valve. In order that steam shall not enter the 
P'.Tt B from the inner edge of the face of the expansion valve, the 
distance H should be at least equal to the diameter of the resultant 
circles, which give the amount of relative motion of the two valves. 
In expansion gears of this class, the cut-off should be equalised. 
The requited adjustment cannot be found by Zeuner's diagram, but 
may be obtained by plotting down the crnnk and eccentric circles, 
and moving tracings of the valves into position for the front and 
back strokes. In practice this is seldom done. The valve spindle 



METER EXPANSION GEAR. 



35 



is screwed past the nuts on each side, as shown in the figure, so 
that the cut-off may be adjusted when the engine is erected. 

Meyer Expansion Gear.— Of vailable hand expansion gears, 
the well-knowji Meyer gear is by i&r the most common. In this 
arrangement, a range of expansion is obtained by varying the lap 
of the cut-off valves. 

In Fig 28, O A is the real position of the crank relative to the 
main eccentric OB. L L is the outside lap circle of the main 
valve, and cut-off occurs at O C. Decide upon the travel of the 
expansion valve, and from O as centre, and with radius equal to 
the throw of the eccentric, describe the circle A E D. Draw B D 
parallel to O ; and join O and D. Then O D is the position of 
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the cut-off eccentric relative to the position of the crank O A. By 
this construction the centre line of the primary resultant circle will 
coincide with the line of the main valve cut-off. The position O D 
is not imperative; but for reasons which will be made known 
shortly, it is a most convenient setting. 

Now, the nut of the expansion plate B (Fig. 29) being screwed 
by a right-handed thread, and the nut of plate C being screwed 
by a left-handed thread, the plates can be made to approach to or 
recede from one another, according to the direction of rotation of 
the valve spindle. This movement of the plates will alter the 
point of cut-off to any desirable extent. 

Let the required range of expansion be from the beginning of the 
stroke, to the point of cut-off by the main valve. 
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To find the position of the expansion plates relative to the main 
valve, it is only necessary to draw the crank line for the required 
point of cut-off; for its intersection with either of the resultant 
circles determines the position. Take the position of the crank 
OE (Fig. 28). The line O E cuts the secondary resultant circle at 
F. O F is the required positive lap ; or the amount that the edges 
J, of the plates 6 and 0, overlap the edges K of the main valve, 
when 6 and C are central on the main valve, which position is 
shown in Fig. 29. 

Take the point of earliest cut-off O G (Fig. 28). Here O H is 
the required positive lap. At the latest cut-off O C, the lap will be 
O 0, and as O intersects the primary resultant circle, it will be 
negative. It follows, therefore, that OH + O C is the movement 
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Meyer Expansion Gear. 

of each plate on the spindle, in order to vary the cut-off from O G 
to 0. 

The reason for choosing for the centre line of the resultant 
circles will now be stated. At crank position the expansion 
plate will be at its extreme position to the right, relative to the 
main valve. But the negative lap necessary for this grade of 
expansion is equal to 0, so that it is evident the plate will 
re-open the port immediately after O 0. The main valve, however, 
has cut-off at the same instant ; therefore, re-opening by the expan- 
sion valve will not affect the efficiency of the gear. The latest 
possible cut-off by the expansion valve is given by the centre line 
of the primary resultant circle. When this centre line falls on, or 
after, the line of main valve cut-off, re-opening, as previously stated, 
is immateriaL For example, take a crank position O J. OK will 
be the negative lap. The plate attains its extreme relative position 
at 0. It will now recede and re-open the port when OM is 
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reached, but as cut-off by the main valve has already occurred, this 
re-opening is of no consequence. 

Application of the Diagram.— There is another way in which 
the port in the main valve may be le-opened, and that is by the 
edges F of the cut-off plates sliding past the edges G of the main 

valve. 

Let P = diameter of resultant circles. 

VV = width of port in main valve (E in Fig. 29). 
L = lap of expansion valve for earliest cut-off. 

Then, in order to avoid this re-opening, the width A (Fig. 29) 
should be 

P + W ± L. 

For positive lap take + L ; and for negative lap — L. 

It is necessary to add a little extra width to the dimension given 
by the foregoing expression to ensure tightness. A quarter of an 
inch will, in most cases, be sufficient addition. 

The diagram shows that OC (Fig. 28) is the greatest negative 
lap. The dimension E in Fig. 29 must be great enough to allow 
of both plates being set to this negative lap. Therefore, £ must 
not be less than 2 A + twice the greatest negative lap. In some 
cases it may be necessary to slope the ports in order to obtain E. 
Fig. 30 illustrates a case in point. 




Expansion Regulator.— In order that the Bundle of the cut- 
off valves may be revolved to vary the expansion, it is prolonged 
through a stuffing box at th&4)ack of the valve chest ; and has a 
wheel at or near the end of it. An index is usually provided, to 
indicate the grade of expansion. Fig. 31 shows a neat arrange- 
ment of cut-off regulator. In this design, the wheel is keyed on 
the brass sleeve A, the latter being mounted on the valve spindle 
by means of a feather key, thus permitting of a horizontal move- 
ment of the valve spindle, whilst the regulating wheel is at rest. 
The brass plate B is stamped, so that the finger correctly indicates 
the grade of expansion. The minimum length of the slot in the 
regulator is given by the expression 

M N 
T + 
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Where T = thickness of finger nut (D in Fig. 31). 

M = movement of each plate in varying the cut off from earliest 

to latest. 
N = number of threads per inch in nut of cut-off valves. 
II. =. number of threads per inch on sleeve of regulator. 

The joint of the expansion- valve spindle with the eccentric-rod 
must be of such design as will allow the spindle to turn freely round. 
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Expansion Regulator. 

Dauble-POPted Meyer Gear. — The Meyer gear is shown in its 
double ported form in Fig. 32. The passages GGt conduct the 
exhaust from P to Q. The sum of their areas should equal that 
of the steam port H. The ports J J are shown widened out to 
compensate for the reduction of area caused by Gr G. The area of 
ports J J and K K, should in all cases be equal to the area of the 
steam ports. The dimension L requires attention, or it may happen 
that when the main valve is open for lead, the plate M will cover 
the port J, and stf'am will not be admitted at the proper time. 
In order that such a thing may be avoided, L should not be less 
than 

; + W + N + P. 



DOUBLE- PORTED MEYER GEAR. 

Where I e lead of main valve at each port. 
W = width of cut-off plate. 

N = lap at latest cnt-off. which will, in most casea, be negativi 
P = diataDce of cnt-oR' valvea from relative oentral poeitioD, 
crank U on dead centre. 
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Double-poitod Heyer Gear. 
F,g 33, 




Fig. 33 is the diagram for the gear, and O A = P in the foregoing 
expression, and is the distance of the cnt-off valves to the left of the 
relative central position when the crnnk is at B. The expansion 
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yalve will open the port J at a quicker rate than the main valve 
will open to steam; which is as it should he. In every case, it 
is advisable to make L greater than the dimension given by the 
above expression. 

The nuts of the expansion valves are shown divided. This per- 
mits of the valve spindle being kept the same diameter for each 
nut. The recess at the back of each nut is provided for the recep- 
tion of a spring, which tends to keep the plate on the face of the 
main valve. In order that the spindle may be passed through the 
valve chest when the expansion plates are in position, it is necessary 
to have sufficient clearance to press back the back half of each nut, 
to clear the thread of the valve spindle. In Fig. 34, the inner circle 
represents the diameter o; the valve spindle at the bottom of the 
thread, and the outer circle the diameter at the top of the thread. 




It will be necessary to push the nut back a distance equal to A 6, 
before the spindle can be passed into position. When the steam 
chest is big enough to allow of the expansion plates being placed 
with their faces to the main valve spindle, the cut-off spindle oan 
be passed, and the plates afterwards brought into their proper 
position. Then the above condition is not imperative. 

The circle to the right of the plan view in Fig. 32 represents the 
steam inlet pipe. The main valve is, of necessity, of large size, and 
it was desirable to keep the steam chest as small as possible. Both 
the valves slide over the supply pipe, but in consequence of the 
deep feet N, the orifice is not obstructed to any serious extent. 

With Meyer gears, when the cut-off is equalised for any one 
grade of expansion, it will not be equal for the other grades. In 
practice, it is usual to equalise the paHicular grade of expansion 
which corresponds to the normal load on the engine. 
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Reynold's Valve Diagram.— The action of the Meyer gear is 
very clearly shown by means of the Reynold valve diagram. It 
will be convenient to consider the diagram for a simple valve 
before treating ot expansion gears. 

In Fig. 35, A B represents the crank, and B C the connecting- 
rod of an engine. The piston-rod is suppressed; and therefore 
D and E are the extreme positions of the piston, and F is the 
central position. Divide the crank-pin circle into any number of 
equal parts ; 36 divisions is the most suitable number. The corre- 
sponding piston positions for each of the crank-pin positions can 
be readUy obtained. Thus, taking crank position A B, F is the 
displacement of the piston from its central position. 
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Reynold's Valve Diagram. 

Now, consider the line A B, in Fig. 36, to be the crank-pin circle 
of Fig. 29, drawn out into a straight line. Let this line be divided 
into 36 equal parts. Then each division will correspond to an 
angle of 10 degrees on the crank-pin circle. The distance of the 
piston from its central position, for each of these 10 degrees is 
obtained from Fig. 35, and transferred to Fig. 36 ; and a curve 
similar to H K J is obtained. The total breadth of the curve will 
be the stroke of the ])iston to the scale chosen. The piston is at 
its extreme position at H. At D, where the curve crosses the axis 
AB, the piston is in its central position, and the crank at 87 
degrees from the starting point. K denotes that the end of the 
front stroke is attained. From K to J is occupied by the back 
stroke. 

Reynold's Valve Diagrpam for Single Valve,— A similar 

curve must now be obtained for the valve. The extreme horizontal 
breadth of this curve will represent the travel of the valve. Any 
convenient scale for the breadth may be chosen, but the vertical 
axis of the curve must be the same length as the piston curve. 
Let the angular advance of the eccentric be 40 degrees. O on A B 
is the position for crank dead centre ; so that if the valve curve 
cross the vertical 40 degrees before O, the curves will be in their 
correct position. 

Take any position, say L L. The piston is distant N O from its 
central position ; and at the same time, N P is the displacement of 
the valve from its central position. At M M the valve is at mid 
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position on the ports, and the intersection of M M with the piston 
curve indicates the then position of the piston. Let the outside 
lap be known. Draw C C parallel to A B, and removed a distance 
equal to the known outside lap from A B. Admission occurs at C. 
Draw OQ horizontally. Its intersection with the piston curve 
gives the piston position. This position may be projected vertically 
to a scale of percentages, and the position at once read off. 

E £ is a line parallel to A B, and G is the inside lap. Release 
is at E, and compression at E'. Let it be required that release 
shall occur at 93 per cent, in both front and back strokes. From 
93 per cent, on the scale for the forward stroke, draw R S vertically, 
to intersect the piston curve at S. From S draw SF horizontally. 
Then, if the inside lap on the front end of the valve be equal to 
the distance between F and the vertical A B, release will occur at 
93 per cent. From 93 per cent, on the scale for the back stroke, 
draw TJ V vertically, to intersect the piston curve at V. Project 
V horizontally, to intersect the valve curve at W. Then W X is 
the amount of inside lap necessary to release at 93 per cent, in the 
back stroke. If the intersection of these horizontals with the valve 
curve fell on the axis A B, no inside lap would be necessary ; but 
if the intersections fell on the opposite side to £ E', negative inside 
lap would be required. 

fieynold's Valve Diagram for Meyer Gear.— Take now 

the case of an expansion gear. Having, in the manner previously 
explained, obtained a curve for the expansion valve, it remains to 
connect this curve with the piston and valve curves in such a 
manner as will give the true positions of the piston, main valve, 
and expansion valve for any point in the stroke. It will be found 
convenient to plot down the main valve and piston curves on one 
sheet, and the expansion valve curve on a separate sheet of tracing 
paper, so that the latter may be set to any desired position, and the 
modifications effected by altering the angle of advance observed. 

Fig. 37 shows the piston, main, and expansion-valve curves in 
position. The angular advance of the main eccentric is the same 
as in the previous case — namely, 40 degrees. The expansion- valve 
curve is placed for an angular advance of 90 degrees — that is, 
directly opposite the crank. A horizontal line drawn at any point 
of the crank-pin line A B, will give the then positions of piston and 
valves. And conversely, if any piston^ position be chosen, a vertical 
drawn from that position will intersect the piston curve, and a 
horizontal di*awn from the intersection will give the valve posi- 
tions. 

Take the crank position CD. E F is the distance of the pistoR 
from its central position, and E H and E G will be the respective 
displacements of the main and expansion valves from their mid 
position. 

Let it be required to cut off at 20 per cent, of the stroke. From 
20 per cent, on the scale for the front stroke, draw the vertical to 
intersect the piston curve at J. From J draw the horizontal. 
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crossing the main and expansion curves at K and L respectively. 
K L is the necessary negative lap to accomplish this grade of 
expansion in the Iront stroke. From 20 per cent, on the scale for 
the back stroke, draw the line vertically, to meet the piston curve 
at M. From M, draw the horizontal, intersecting the valve curves 
at O and N. O N is the negative lap for the front end of the valve, 
to effect this grade of expansion. If the horizontals K J and M O 
crossed the curves at P and Q — that is, where P and Q cross each 
other — there would be no lap whatever; but if the verticals 
crossed on the opposite side of P and Q, the lap would be a posi- 
tive quantity. 

The equalisation of cut-off for any particular gr ade of expansion 
having been effected, it is easy to observe the inequality for the 
other grades ; and herein lies the chief advantage of the diagram. 
The expansion-valve curve being drawn on a separate sheet of 
tracing paper, the angular advance may be altered by merely moving 
the position of the tracing; the effect of which is instantly mani- 
iested. This is another merit of the Reynold's diagram. 

Classes of Automatic Expansion Gear.— Automatic expan- 
sion gears are made to vary the cut-off: — 1. By varying the travel 
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of the expansion valve. 2. By varying the angular advance of the 
expansion eccentric. 3. By varying both angle and travel of the 
main eccentric. 

In Fig. 38, O A is the crank, O B the main eccentric, and O 
the expansion eccentric. Let the circle FG be drawn with radius 
equal to the negative lap. Cut-off will occur at crank position O D. 
"Now, suppose the throw of O C to be reduced to O C. Cut-off then 



OL-curs at E. This diagram illuatrates the principle of expaasion 
gears of the firat class. 

HartneU's Governor. — Fig. 39 is a sketch of the well-known 
Hartnell goTernor conibined witli a link expanaion gear. When 
tlie engine is running at the normal speed, the die in the swinging 
link occupies the position indicated. When an increase of speed 
takes place, the balls flj out, raising the radios rod, which shortens 
the travel of the expansion Piilve. Cut-off will therefore be earlier 
in the stroke. When the speed falls below the normal, tlie radiuB 




HartneU's Oovernor. 
rod is lowered. This action increases the valve's travel, and cnt-off 
is later. The governor itself is a spring-loaded one. Between 
certain limits, any desired speed may be maintained by adjusting 
the helical spring in the bead. 

Diagram for HartneU's Expansion Gear.— N^o exact cim- 

Btruction can be given to determine all particulars of this gear. 
Generally, the positions of the crank at early and late cut-off~ and 
' 1 and minimam travels of the expansion valve would 
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be decided upon. But it is necessary to assume either the angular 
advance or the lap of the expansion valve before a diagram can be 
constructed. 

Let O E, Fig. 40, be the line of latest cut-off in relation to the 
crank position ON revolving as shown; OA the throw and 
position of the main eccentric, and O B and O B' the throws and 
position of the expansion eccentric for maximum and minimum 
travels respectively. O C is the resultant circle corres})oncling to 
O B ; and O D the resultant circle for OB'. O E intersects the 
resultant circle for maximum travel, at F. OF is the required 
negative lap. Draw the negative lap circle F G, intersecting the 
resultant circle for minimum travel at G. OH is the position of 
the crank at earliest cut-off. It may be that this range of expansion 
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Diagram for HartnelPs Expansion Gear. 

is not sufficient. Decreasing the negative lap would not alter the- 
total range of expansion, as far as the cut-off valve is concerned, 
but would cause O E and O H to fall earlier in the stroke. But 
OK is the cut-off by the main valve. O E can be made to coincide- 
with O K, by giving negative lap O L. This will alter O H to 
O M ; which alteration has increased the actual range of expansion 
by the angle H O M. Decreasing the angular advance of the- 
expansion eccentric would also increase the range of expansion, as. 
may be shown by construction. 

Application of the Diagram.^— The valves for the Hartnell 
gear may assume the form shown by Fig. 41, the proportions being 
as follows : — 

The sum of the width of the ports C, may be equal to one and a-half times- 
the width of port E, to ensure a good steam line. 

A = D + C-L, + say J-inch for tightness. 

Where D = diameter of largest resultant circle. 
C = width of port (see Fig 41) 
L = negative lap. 

Note. L would become + L if lap were positive. 
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B should be not less than ^r^ + D. 

Where L = lead ot main valve. 

N = number of ports on each side of expansion valve. 

1) = greatest distance of expansion valve from its relative 
central position^ when crank is on dead centre. 





Section through D £ . 
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In practice, B iroald. be found to exceed the dimension given by 
the above expression. The ports are often divided equally alone 
the face of the valve. The rules just given can then be employed 
to ascertain whether the action is satisfactory or not. 
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Ruston-Proctop's Expansion Gear. -Fig. 42 illustrates the 

automatic e^^ansion gear made by Messrs. Ruston, Proctor & Co., 
Lincoln. The governor is of the Porter type ; and is actuated 
from the crank shaft by means of bevel gear. The radius link is 
pivoted on the bottom end, and the lifting link from the governor 
raises or lowers the radius rod as circumstances require. A dash- 
pot is fitted to give steadiness to the governor, and the balance 
weight relieves the latter from all encumbrance due to the radius 
rod. 

Crank -Shaft Governor Expansion Gear.— It has been 

remarked that the grade of expansion can be varied by altering the 
angular advance ot the expansion eccentric. Fig. 43 is a diagram 




for this class of gears. O A is the position and throw of the main 
or distribution eccentric ; and O B the expansion eccentric. D 
is the lap circle, which, in this instance, is negative. Out-off is at 
OE. Suppose B moved round the shaft to position OB', then 
O F is the cut-off line. 

Fig. 44 illustrates a device whereby the angle of O B can be 
varied according to circumstances. The figure is self-explanatory, 
and it is only necessary to remark that the design admits of 
considerable adjustment. In the first place, the point of attach- 
ment of the springs to the levers carrying the weights B B can be 
altered ; the position of the weights themselves can be adjusted by 



Crwik-Sbatt Govemor Eipansion Gear. 
Fig_4S. 
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means of the nuts on the levers ; and the connecting links A A are 
also adjustable. 

The third method of obtaining a range of expansion is by varying 
both the throw and position of a simple slide valve eccentric. The 
principle of this class of gears is set forth in the accompanying 
diagram. 

Let O A (Fig. 45), represent the throw and position of the eccentric 
relative to the true position of the crank OB. C D is the outside 
lap circle, and cut-off is at O E. Let the eccentric be altered so 
that its throw and position are given by the line O A. The lap 
circle will remain the same, and the cut-off will therefore be at O F. 

WestingfhOUSe Governor, — As a typical example of this class 
of gears, the Westinghouse governor and eccentric is selected. 



rig 46, 
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Westinghouse Governor (position for latest cut-off)* 

Fig. 46 shows the position of the parts for the latest cut-off, which 
is at O A. In Fig. 47 the gear is in position for earliest cut-off, 
which is at OA. The real and assumed crank positions are in- 
dicated on each figure, as is also the direction of rotation. The 
valve diagrams show that as the governor moves from latest to 
earliest cut-off, the lead increases. This governor operates upon 
a piston valve, which is the most suitable form for crank-shafb 
governors, as the work required to move the valve passes partly 
through the springs. 

Crank -shaft governors find much favour in America. The 
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Dick and Church governor, as made by the Phcenix Iron Works 

Company, is representative of its class. 
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The principal forms of slide valve expansion gears have now 
been dealt with. The varieties and modiflcations are numerous, 
but the action is generally little different from the gears that 
have been described, a knowledge of which will enable the action 
of other gears to be understood. 
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CHAPTER III. 
LINK MOTIONS. 

Contents. — Single Eccentric Reversing Gear— Valve Diagram for shifting 
Eccentric Gear — Stephenson's Link Motion — Open and Crossed Rods — 
Valve Diagram for Stephenson's Link Motion — Mr. Macfarlane Gray's 
method of describing the Characteristic Line — Crank Pin Diagram — 
Best arrangement of Gear — Link Motion made by the North - Eastern 
Railway Company— The Slot Link— The Doable bar Link with Eccentric 
Rods inside — The same with Eccentric Rods outside — Proportions of 
Links — Gooch's Link Motion — Eccentrics driving obliquely — Valve 
Diagram for Gooch's Link Motion— Crank Pin Diagram— Best arrange- 
ment of Gear — Allan's Sraight Link Motion — Diagram for Allan's Gear 
— Expansion Gears and Link Motions combined. 

To enable an engine to run in either a forward or backward 
direction, it must be fitted with link motion, or some other 
equivalent device; and it remains to discuss various gears by 
means of which reversal is effected. 

Single Eccentric Reversing* Gear.— The simplest form of 

reversing gear consists of an eccentric, the angle and throw of 
which can be varied at will by moving it across the shaft. This 
device, although simple and efficient, would be very inconvenient, 
especially on an engine of large size, or on one that required 
frequent reversal; and the arrangement is here described, not 
because of its practical utility, but because of the principle 
involved — the principle of link reversing gears. 

The single eccentric reversing gear consists of a plate A, secured 
to the crank shaft B by means of a key. The eccentric C is pro- 
vided with two slots, whereof the larger is to allow of the eccentric 
being moved on the shaft, so as to take either the position shown 
by the upper or lower diagram, Fig. 48, or any intermediate 
position between the extreme limits. The second slot is made to 
pass the bolts D D, which are securely fixed in the plate A. This 
arrangement permits of the eccentric being held in any position 
between E and F. 

In the diagram the position of crank is indicated, and also the 
centre line of the eccentric. It will be understood that when the 
eccentric is secured so that it coincides with the line KE — its 
extreme position in one direction — ^the engine will run in the 
direction of the arrow, and when the eccentric has the position 
K F, the motion is reversed The reason of this is clear. Consider 
first the upper diagram, where the crank is on dead centre, and 
the line KE is the position of the eccentric. The cylinder is 
supposed to lie to the left of the figure. Motion by piston effort 
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at this position is, of course, impossible, but suppose the crank 
moved by some means in the direction of the arrow. The eccentric 
moves through the same angle in the same direction. This move- 
ment will manifestly drag the valve spindle, and consequently the 





I 
Single Eccentric Reversing Gear. 

valve, from the back end of the steam chest towards the front 
end. When the crank is at the back dead centre, KJ, the 
eccentric, if coriectly set, will have opened the back steam 
port for lead, and any movement of the crank in the arrow's 



\ 
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direction will cause the port to be opened wider. The engine 
would therefore run in the direction indicated, or " over," as it is 
commonly termed. If the crank were moved in the opposite 
direction, the eccentric still being held in the position K E, the 
valve would have the back port open to lead as before, but motion 
of the eccentric in that direction would close the port, thus pre- 
venting the engine running " under." 

Now consider the action when the eccentric coincides with the 
line K F, which position is shown in the lower figure. The crank 
may be supposed to be on dead centre as before. Any movement 
in the arrow's direction opens the back port wider; and the 
engine is therefore free to revolve in a counter-clockwise direction. 
Moving the crank in a direction opposite to that indicated would 
close the back port, thus preventing clockwise running. 

Valve Diagram for Shifting: Eccentric Gear.— The Zeuner 

valve diagram is well adapted to the solution of problems in 




Zeauer Diagram. 

connection with the shifting eccentric gear.* Let A B represent 
the position of the eccentric when set for running in the arrow's 
direction. A B in the left-hand diagram of Fig. 49 is, in fact, the 
line KE of the upper diagram in Fig. 48, and A B in the right- 
hand diagram (Fig. 49) is the line K F in the lower diagram 
(Fig. 48). On A B describe the polar valve circle. From B draw 
B D perpendicular to the horizontal E F, and mark off the lead 
D G. A G is therefore the amount of lap. Draw the lap circle 
G C. Admission, cut-off, release, and compression are at A H, 
A J, A K, and A L respectively. 

The inherent peculiarity of the Zeuner diagram is here seen. 
The real position of the crank relative to the eccentric's position 
A B, is A E ; but the steam distribution is traced round in the 
direction indicated, as though the crank were leading the eccentric. 

* This matter has already been touched upon when dealing with crank-shaft 
governor gears. 
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The state of things for any position of the eccentric between 
E and F (Fig. 48) can now be shown. K E and K F in Fig. 50 are 
in length and position equal to K £ and K F of Fig. 48. Join E 
and F. The line E F represents the path of the eccentric sheave 
when being moved from one extreme position to the other. 
Wherever the position of the eccentric may be, the line E F 
must terminate the radius of the eccentric throw, and, therefore, 
the line drawn for any intermediate position of the eccentric on 
the line E F, to the centre K, represents by its throw and position 
the radius and angle of the eccentric sheave ; and if on that line 




produced, valve circles be drawn, the action of the steam is 
rendered clear. In the accompanying figure this has been done. 
Two intermediate points have been taken and numbered 1 and 2 
Admission, cut-ofl^ release, and compression are at B^, B^ ; C^, C* ; 
D\ D2 ; and E^, E^, respectively. 

Tabulating these results it appears that — 

! Admission is earlier 
Cut- off 
Release 
Compression ,, 
( Admission is earlier 
When the eccentric is at ) Cut-off 
K2 1 Release 

( Compression 









than when the eccentric 
is at KE. 



than when the eccentric 
is at Kl. 



ti 
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It alao appears from the diagram that, although admiasioa is 
earlier as the eccentric approaches its neutral position K A, the lead 
is ooHBtant for all positions, because the cosine of the eccentric 
angle is constant. This is true, neglecting the angularity of the 
eccentric-rod, which is generally so small as to be quite 
inwpreciable. 

The line E F will be designated the characteristic line of the 
gear, and it will be shown that in certain forms of reversing gears 
it is a straight line, as in the present instance ; and in others it has 
a curvature, sometimes towards the crank shaft, and sometimes 
towards the cylinder. The significance of the various forms will 
become apparent as the work proceeds. For the present it wiQ 
suffice to say that when the characteristic line is straight and 
vertical, the lead is constsjit for alt positions of the gear. 

Stephenson's Link Hotion.— Fig. 51 shows the well-known 
Stephenson, or shifting link, motion. A E ic the throw and position 



Stephenson Link Motion. 

of the eccentric for running under, and A F the eccentric for mn- 
ning in the reverse direction. The link D C is curved with a radius 
equal to the length of the eccentric- rods,* and is concave to the 
crank shaft. The valve spindle B is conpled to the link D in 
such a manner that the latter is capable of being raised or lowered 

* When the length of the eccentric-roda is spoken of, it should be understood 
to denote the distance from the centre of the eccentric cltpe to the centre of 
the eccentric pin holes on the link, unless there is a direct statement to the 
contrary. Strictly speaking, the form of link shown in the figure has a radiua 
greater than the length of the eccentric- rod p, by the distance between the 
' .0 pin hole ajid the pin hole in the link block, when in foil gear. 
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by the lifbing link OG, which is in turn connected to the bell> 
crank lever GH, having J as a fulcrum. This lever may be 
operated by a reversing handle, a reversing wheel and screw gear, 
or by a small cylinder fitted for the special purpose. The latter 
arrangement constitutes what is known as a '^ steam reversing 
gear," and is most frequently seen on large winding engines. 

In the diagram the eccentric A E has sole control of the valve, 
the action of which is similar to that of a valve connected to the 
eccentric A E in an ordinary manner. The crank, therefore, 
revolves in the direction indicated. The angle and throw of the 
eccentrics are determined by the construction of a diagram similar 
to that illustrated in Fig. 1. When the eccentric A F has control 
of the valve the action is practically the same, but the motion of 
the crank is reversed. 

The action of the motion for full forward and full backward 
gear being understood, the question arises, what would be the 
action for any intermediate position of the link block ¥ 

Open and Crossed Rods* — Before dealing with this question, 
the meaning of the terms " open " and '* crossed " rods shoidd be 
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made clear. In Fig. 52 A £ and A F are respectively the forward 
and backward eccentrics of a link motion driving a valve spindle 
G. In the upper figure the eccentric-rods are coupled to the link 
on the side on which are situated the respective centres of the 
eccentric sheaves, when the crank is on the outer dead centre. 
This arrangement constitutes an " open " rod link motion. In the 
lower figure the eccentrics are coupled as shown, thus forming what 
is known as a " crossed " rod link motion. 

Valve Diagrram for Stephenson's Link Motion.— Let A F 

and A E, Fig. 53, be the forward and backward eccentrics, respec- 
tively, of two link motions, whereof the upper diagram is an open, 
and the lower a crossed rod arrangement. B C is the link, and F 
and E B are the eccentric-rods. On A E describe the valve circle, 
cutting the line A 0, which is drawn from the extremity of the link 
C, to the qentre of the crank shaft in G. From F through the point 
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G, draw the straight line F H, meeting the horizontal line A J in 
H. Through the three points E, H, and F draw an arc. This arc 
will be the characteristic line of the gear, and includes the 
extremities of all the virtual eccentric arms for any position of the 
block in the link. Take any positioa of the gear, and divide the 
line £ F in the same proportion that the block divides the whole 
length of the line. Referring to the diagrams, let X be the point of 
gear chosen. It is required to find the movement of the valve 
corresponding to this particular position. On the characteristic 
line E F mark the point W so that F W bears the same proportion 




Valve Diagram for Stephenson's Link Motion. 

to the line E F that X C bears to the whole length of the link 
B. Join the points A and W. Then, A W is the virtual 
eccentric arm which produces approximately the same valve move- 
ment that results from the combined action of the two eccentrics 
A E and A F, acting through the medium of the link B C. On A W 
as diameter draw the valve circle. The maximum port opening, 
the periods of admission, cut-off, release, and compression are now 
clearly seen; and by choosing other positions of the link and 
repeating the above construction the action for any other point is 
seen. 

Consider the enlarged diagram for open rods. Fig. 54. The letters 
A, E, F, and H correspond with the letters of the previous diagrams ; 
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and the characteristic line E F contains the extremities of all the 
virtual eccentric arms. The lap circle J K remains constant for all 
positions of the gear; the valve circles, however, are changed for 
every position of the gear, and cross the lap circle at different 
points, and, in the manner of the simple Zeuner diagram, indicate 
the percentages of admission and cut-off. The lead is also seen to 
vary for all positions of the link, a fact which explains that common 
statement that in the shifting link gear, with open rods, the lead 
increases as the gear is brought into mid-position; but with crossed 
rods, the reverse is the case. 

It can be shown that these statements are correct from an inspec- 
tion of Fig. 52. The motion for both open and crossed rods is 
shown in mid-gear ; the crank in each case is on the outer dead 




point, and the port is open for lead. Suppose the link B C moved 
so that the point B is brought to the centre line D G. The point 
B is constrained to move in an arc whose centre is E, and therefore 
the shifting of the link motion must pull the valve to the left, 
because E is fixed. This movement manifestly lessens the port 
opening and decreases the lead. Applying the same reasoning 
to the crossed rod gear, it is seen that the valve spindle moves to 
the right as the block in the link approaches full gear. Generally, 
the longer the eccentric rods and the shorter the valve travel, the 
less will be the variation of lead. The truth of these statements 
is at once verified by a glance at the figure. 

Maefarlane Gray's Method of Describing: the Char- 
acteristic Line. — Maefarlane Gray has suggested a very 
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eimple method of describing the line E F, which is as near the truth 
as practice demands. Describe with centre on A J produced 
(Fig. 53) an arc passing through E and F with radius found as 
follows : — 

Kadius = length of eccentric -rod from centre to centre x half 
the distance between the two eccentric sheaves ~ the distance 
between the centres of the eccentric -rod pins on the link. Re- 
ferred to Fiff. 55, Radius = ^^ ^^ — . 

For open rods the arc is concave to the shaft ; for crossed rods 
concave to the link. 

It is instructive to apply the two methods given above, to one 
case of link motion, and observe the closeness of their agreement. 

Fig, 66, 




Link Motion ** notched up." 

The above constructions emphasize the advantage of keeping the 
eccentric throws short, the eccentric-rods long, and the link short, 
in order that the lead disturbance shall be a minimum. The iirst 
and third conditions are to be met by employing double-ported 
valves; and to keep the eccentric-rods long, the link should be 
located as near the valve chest as circumstances permit. 

At this point it may be well to explain that the diagrams just 
given are approximate only. When valves are operated directly 
from eccentrics, the movement can be predetermined with great 
exactitude, but with link motions it is not so. So many p ints step 
in to modify the valve movement, that to pre-arrange a link motion 
that shall satisfy all conditions is impossible. The best that can be 
done is to secure the best action for full forward and full 
backward gear, and then, with the link properly suspended, 
the eccentric-rods long, and the valve travel short in proportion, 
the action for intermediate gear will be almost exactly that shown 
by the characteristic line in the diagram, and will be found 
satisfactory. 

The foregoing constructions are, as said, only approximate, but 
there is a method whereby the valve movement can be determined 
exactly when the leading dimensions have been settled upon. 

Let the accompanying diagram (Fig. 55a) represent, in outline, a 
link motion in which it is desired to determine the exact move- 
ment of the link. Let AE and AF be the backward and forward 
eccentrics respectively, B C the link, and D G the suspension link, 
fihown in position for mid-gear. Divide the eccentric circle E F into 
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any number of equal parts, say ten, starting from the point E for 
the backward eccentric, and from F for the forward eccentric. (See 
Fig. 55a). From E as centre, and with the length of the backward 
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eccentric as radius, describe an arc F Q ; and from F as centre, and 
with the length of the forward eccentric as radius, describe an arc 
E, &. Now, it will be apparent that when the eccentrics are at A E 
and A F, the centre of one pin hole of the link must be somewhere 
on F Q, assuming that the link is of the double bar form, shortly 
to be described; and the centre of the other pin hole must be some- 
where on E, S j whilst the third point is somewhere on the arc J K, 
the path of the end of the suspension link. 

Now prepare a tracing paper templet of the link, drawn to scale, 
marking thereon the position of the pin holes and the point of 
suspension. In the figure, such a templet is shown, X being the 
backward pin hole, Z the forward pin hole, and Y the suspension 
point. Applying this templet to the arcs FQ, RS, and JK, so 
that X is on F Q, Y on J K, and Z on R S, a definite position of 
the link is given, which can be pricked through to the paper below, 
and numbered to correspond with the eccentric circle. By re- 
peating this process for all the other positions of the eccentrics, the 
point-path of the pin holes is tracked out, discovering the exact 
movements of these points. Taking the case of the present gear, 
the extreme horizontal points of the point D are seen to be D and 
H ; and since the valve spindle is in the direction A D, its travel 
will be exactly equal to D H ; and, further, since the link is in 
mid-gear, D H is equal to twice the lap pl%L8 twice the lead, so that 
either of these being known, the other is found. The peculiar 
paths of the pin holes are known as '^ slip curves," and indicate the 
amount of slotting motion of the die in the link. 

The above method of tracing the valve motion is open to one 
objection, namely, that if the point-paths are to be drawn full size, 
the drawing must be as large as the whole gear itself, a condition 
which is usually inconvenient; but, by the method about to be 
described, the point-paths may be found without drawing the 
eccentric-rods in position. 

In the figure, suppose the eccentric circle E F transposed to the 
left a distance AT = E£ = FC; and let a templet LMN be 
prepared, having the radius O equal to A T, and the side M N in 
the direction of the radius. If this templet be applied to the 
transposed circle, so that the point M coincides with the chosen 
point in the circle, and the side M N is parallel to A D, the curved ' 
side L M contains the centre of the eccentric pin hole. The templet 
LMN being made of cardboard, or some other suitable material, 
the curve can be at once drawn on the paper. Similarly, placing 
the templet in position for the other eccentric, the curved side 
contains the centre of the other pin hole. Now, applying the link 
templet as before, so that each centre falls on the curves thus 
found, the link's position is discovered.* Referring to the figure, 

* A valuable paper on *' Point- Paths in Mechanisms, found by the use of the 
templet," appeared in Engineering ^ vol. Ivii., p. 439. The use of a templet in 
this way is applicable to many forms of link-work, and is especially valuable 
when the mechanism is too large to admit of all parts being drawn in position. 
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the positions of the templet for backward and forward eccentrics, 
when the latter are at 7, 7, are shown by dotted lines. 

The exact valve movement being thus determined, the results 
may be referred to an ellipse diagram, or, still better, to a crank 
pin diagram about to be described. The inequalities for backward 
and forward running, and for full and middle gear are then clearly 
shown. 

Crank Pin Diagrram. — In order to show the steam action for 
various positions of the link block it is conyenient to construct a 
crank pin diagram giving the opening to steam, the point of 




* 

admission, and other events in the stroke referred to a circle 
representing the path of the crank pin.' In the accompanying 
figure, the curves 1, 2, 3 give the steam distribution corresponding 
to the valve circles 1, 2, 3 of Fig. 54. From these curves it is 
clearly seen that as the gear is moved towards the central position, 
the admission is earlier, the port opening less, and the cut-ofif 
earlier. The case in point is one in which inside lap, either 
po sitive or negative, is absent. The construction of this diagram, 
although tedious, is a very simple matter. The Zeuner diagram 
being drawn, the port opening for any crank position is known, 
and if various points through the stroke be taken, and the port 
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openings for eacli of these positions marked from the crank-pin 
circle (not necessarily drawn to scale), curves are obtained similar 
to those shown in the figure. The crank-pin dii^ram illuBtratea 
the action, perhaps, clearer than any other ; and it has been the 
practice of some engineers to have such a diagram plotted down for 
each gear made, and carefully preserved with the drawings of the 
engine. The peculiarities of tlie gear 
are thus graphically depicted; and 
should occasion arise to modify the 
valve motion, there is a true record 
' of the existing conditions, and altera- 
tions can be made with confidence, 
knowing the exact state of matters 
witfa respeot to the steam distribn- 

Best Appangrement of Geap.— 

In the shifting link motion, the 
J point of suspension 0, Fig. 61, may 
I be at one extremity of the link as 
§ shown, or at a point midway between 
H the eccentric - rod pin holes. The 
I link for the former mode of suapen- 
n sion ia of simpler construction than 
b in the latter case. The suspension 
S. point, however, is often decided by 
I the disposition of the adjacent parts 
5; i, of ^^^ engine. The central position, 

generally speaking, gives the easiest 
motion ; but in many cases, notably 
locomotives, suspeosion at this 
point would mean a very short lift- 
ing link, which is an objection. 
Another point requiring attention 
is that the arm of the lever GJ is 
parallel to the valve spindle when 
the link is in mid-gear; and further, 
when the valve is central on the 
ports, the perpendicular from the sus- 
pension should bisect the versed 
sine of the arc described by the point 
O, In the figure these conditions 
have been fulfilled. Although not 
of vital importance, the arrangement 
just described is the best, and wher- 
ever possible should be adopted. 

If any link gear he plotted down 
for various positions throughout the 
stroke, the centres of the pin holes in the link will be found to 
describe peculiar curves, which resemble the figure of an attenuated 



I 



THE DODBLB-BAR LIKK, WITH EOOBNTRTC-BODS IHSIDE. 



65 



eight. These are known ae "slip curves," and by their breadth 
denote the slip of the block in the link. The aim of the designer 
should be to reduce this slip as much as possible, so that the wear 
of the link is a minimum. 

Link Motion made by the North-Eastem Railway Com- 
pany. — Fig. 07 shows the form of link motion employed by the 

Korth-Eastern Railway Company on their express pasnenger loco- 
motives. The valve chest is on the top of the cylinder, and the 
valve spindle derives its motion from the rocking lever in the 
manner sliown. The object of presenting this illustration is to 
show the effect of the rocking lever on the setting of the eocontrica. 
Id ordinary cases the eccentrics would be set in advance of the 
crank ; but here they follow it, and have a position directly 
opposite the true setting for a link motion of the ordinary type. 

The Slot LiBk. — The ordinary form of slot link is illustrated 

in Fig. 58.* The point of suspension is on the side remote from the 

Fig. 68 
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The Slot Link. 



weigh-shaft. This form of link is very simple, and is much used 
for small engines. Its chief drawback is that no ndjuatment of the 
link block is possible ; consequently any wear thereof causes con- 
siderable jar on the gear. 

The Double-Bar Link with Eecentrie-Bods Inside.— The 

next form is the double -bar link with eccentric -rods inside. 



e taken from Seaton's ifanuo^ ^ 
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The defect of the commoa slot link is avoided, but this advantage 
scarcely compensates for the defect introduced. The link cannot 
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Fig. 69. 
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Double-Bar LiDk with Rods Inside. 



be moved so that the end of the valve spindle is opposite the 
eccentric pin holes, and therefore the throw of the eccentrics must 
be greater than half the valve travel when set full gear. This is a 
disadvantage, since it incurs larger eccentrics, and, as a consequence, 
increased fnction. The link itself is also considerably lengthened. 

The Double-Bar Link with Eeeentric-Rods Outside.— 

The double-bar link with rods outside is the best form, bat the 
most expensive. The eccentric-rods are here forked, and embrace 

Fig, 60. 





Double-Bar Link with iiods Outside. 



the link, thus allowing either eccentric pin hole to be brought 
opposite the valve spindle. The suspension point is at one 
extremity of the link, but, if desirable, could easily be in the 
centre. The above form is largely adopted in the Navy and 
Mercantile Marine. 

Seaton, in his Manual of Mcvrine Engineering , has given rules for 
proportioning the various details of link motion, which are of 
great practical value (Chapter xiii.). 
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Proportions of Links. — For the slot link, let D be the dia- 
meter of the valve spindle ; then 

Diameter of block-pin when overhung = D. 

Diameter of block-pin when secured at both ends =0*75D. 

Diameter of eccentric-rod pins =0'7D. 

Diameter of suspension-rod pins =:0'55D. 

Diameter of suspension-rod pin when overhung =0*76D. 

Breadth of link = 0*8 to 0*90. 

Length of block = 1 -6 to 1 'SD* 

Thickness of bars of link at middle =0*7D. 

If a single suspension-rod of round section, its diameter =0'7D. 
If two suspension-rods of round section, their diameter =0'55D. 

Distance from centre to centre of eccentric-rod pin holes not less than two 
and a-half times the travel of the valve when in full gear, and when space 
permits, two and three-quarters to three times. 

The unit D is obtained from the expression 



•>=v^ 



Bxp. 



Where Ls= length of valve in inches. 

B= breadth of valve in inches. 

^ = maximum absolute pressure to which valve is exposed, in 
pounds per square inch. 

F=a factor having the following values under various circum- 
stances : — 

When the spindle is long and of iron F = 10,000. 
When the spindle is long and of steel F = 12,000. 
When the spindle is short and of iron F = 12,000. 
When the spindle is bhort and of steel F = 14,500. 

For the double-bar link with rods inside let D = diameter of valve 
spindle, as before. 

Depth of bars = 1 •26D + 1 inch. 

Thickness of bars = '6D + ^ inch. 

Length of sliding block =2*5 to 3D. 

Diameter of eccentric-rod pins = 0*8D -i- J inch. 
Diameter of centre of sliding block = 1*3D. 

Distance from centre to centre of eccentric-rod pin holes three to four times 
full travel of eccentric-rods. 

In the double-bar link with rods outside, D ^ diameter of valve 

spindle. 

Depth of bars = 1 '25D -f i inch. 

Thickness of bars = '5D + } inch. 

Length of sliding block =2*5 to 3D. 

Diameter of eccentric-rod pin8=0*75D. 

Distance between eccentric-rod pin holes two and a-half to two and three 
quarter times the full travel of the valve. 

Gooch's Link Motion. — The stationary-link gear, introduced 
by Sir Daniel Gooch, consists of two eccentrics A£ and AF 
coupled to the link B by eccentric-rods E B and F 0. The link 
is curved towards the cylinder with a radius equal to the length of 
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the radios-rod E D ; which Jatter is raised or lowered hy me 
the lifting link Q H. Finally, the link B C ia sustained c 



pended by a link J K ; K being a fixed centre of motion. Oom- 
pared with the Stephenson gear, the present arrangement has more 
joints, and occupies a greater length; but these objections are 
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compensated in some degree by the improved valve movement, 
whereby the lead is constant for all positions of the radius-rod. 
That such is the case will be apparent from an inspection of the 
figure. The crank A L is supposed to be on the outer dead centre, 
and when in this position, the valve, if correctly set, gives the 
desired amount of lead. Now, since the link has a radius equal to 
the length of the radius-rod, and because the eccentric-rods being 
of equal length, the link is vertical, it follows that £ D can be 
swept through the whole length of the link without altering the 
position of D ; and since the valve spindle is stationary, the lead is 
unaltered. 

It renains to find the characteristic line of the gear; and, having 
obtained this, to determine the action for full forward or full back- 
ward gear, or for any intermediate position. 

Eccentrics Driving Obliquely.— Before entering on this 

matter it is necessary to investigate the action of an eccentric 




driving a valve spindle in an oblique direction. Let A B (Fig. 62) 
be an eccentric, and B C an eccentric-rod driving a valve-rod C T> 
in a horizontal direction. Draw the straight line A C connecting 
the centre line of the crank shaft and the end of the eccentric-rod. 
This line makes an angle OAF with the horizontal line A F. 
Draw the line A H, making angle BAH equal to angle C A F. 
At right angles to B A draw B J, intersecting the line AH at K. 
Then A K is the throw and position of an eccentric, which, driving 
the valve spindle directly, would give approximately the same 
steam distribution as an eccentric A B driving the valve spindle 
obliquely. The foregoing construction, although not admitting of 



Fig 63 




exact mathematical proof, is so very near absolute truth as to be 
quite satisfactory for all practical purposes. 
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In Fig. 63 consider the eccentric A B driving the valve 
spindle in the manner shown. Join A C, and make angle BAH 
equal to angle CAF. Draw BJ perpendicular to BA, cutting 
the line AH at K. Then A K is the throw and position of an 
imaginary eccentric, which, driving the valve -rod directly, would 
give approximately the same action as A B driving it in an oblique 
manner. 

Valve Diagram for Gooch's Link Motion.— in Fig. 64 let 

A E represent the throw and position of one of the eccentrics in a 
stationary link motion, in relation to the real position of the crank 
A B. Make A C equal to the throw and position of the virtual 




eccentric arm, obtained in the manner just explained. Draw the 
vertical C I), which is the characteristic line of the gear, and con- 
tains the extremities of the virtual eccentric arms for all positions. 
By dividing the line D in the same proportion that the block 
divides the link, the equivalent eccentric for that position is 
obtained, and the valve action for that particular position can be 
shown by Zeuner circles. In the figure several positions have 
been taken, and the points of admission, cut-off, &c., clearly indi- 
cated. 

Crank-Pin Diagram. — In figure 65 a crank-pin diagram iias 
been constructed, for full and mid gear, showing, as the charac- 
teristic line indicates, a constant lead for both gjrades of cut-off. 
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Best Arrangrement of Gear.— The stationary link is more 
sensitive to the point of suspension than the shifting link, and un- 
less there are strong reasons for not doing so, the point of suspension 
should be placed in the arc of the centre line of the link, and midway 
between flie eccentric pin holes. The correct horizontal position 
of K is somewhere on a vertical line which bisects the arc described 
by the central point of the link, J — au arc whose length is equal to 
twice the lap pltis twice the lead. Finally, the link J K should be 
as long as convenient. The above conditions have been carried out 
in the design shown by Fig. 61. It is difficult to explain why 
these positions are the best ; but plotting down the slip curves for 
various points of suspension will clearly show that they are. 

As to the point G (Fig. 61), it may be anywhere on the radius 
rod, and is often placed half way between the extremities. The 
intermediate link-work between G and the reversing handle MN 
is necessarily one of convenience, the aim being to move the block 
of the radius -rod its full extent by a suitable movement of the 
handle on the reversing lever. To arrange for a movement of from 
2 feet 3 inches to 2 feet 9 inches is a common allowance. When 
reversal is effected by a hand wheel and screw thread, as is com- 
mon in locomotives and ntarine work, the mechanical advantage 
between the wheel and the lifting link is not restricted in any way. 
To balance the weight of the radius-rod and lifting link, the lever 
H M is made double ended, and carries a balance weight on the 
arm M O. 

The proportions of the Stephenson link given on a previous page 
apply equally to the Gooch link gear, and can be relied upon giving 
good results. 

Allan's Straight Link Motion.— The Allan straight link 

motion is obviously a combination of the shifting and stationary 
link gears. In the j)resent arrangement the link and radius-rod are 
moved in opposite directions. The eccentric-rods may be open or 
crossed. With open rods the lead of the valve increases as the link 
is brought into mid-gear ; but with crossed rods the reverse is the 
case. It will be shown, however, that this variation is somewhat 
less than in the shifting link with the same length of rods ; but as 
the Allan gear occupies more length than the former, the eccentric- 
rods are generally shorter; so that finally, the lead variation is 
little less than with the common form. The two extra joints 
introduced are an objection; and altogether it is difficult to see that 
the straight link gear is an improvement on its predecessors. 
This much, however, may be said; the movement of the link and 
radius-rod being in opposite directions, the vibration of these parts 
between extreme positions is less; and, therefore, in confined' 
situations its use may be desirable. Another point in its favour is 
the straight lick, which is somewhat easier to construct than a 
curved one. 

In the skeleton diagram, Fig. 66, A E and A F are the eccentrics 
relative to the real position of the crank A L. B C is the straight 
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73 



link connected to the eccentric-rods. The link is supported from a 
point central between the two pin holes, by the lifting link D G. 
This rod in turn is centred upon one end of a double-armed lever 




CH having J for a fulcrum. HK is the radius-rod lifting link 
moving B M in an opposite direction to B 0. 

In raising the link from mid position to full gear the movement 
is less than would be the case for the shifting link as said, and the 
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inequality of lead is approximately that which would result by 
moving the link of a Stephenson gear, having the same length of 
eccentric-rods, in amount equal to the distance moved by the Allan 
link. Tn the shifting link, it has already been shown that the lead 
variation increases as the movement of the link, so that the reason 
of the variation being less with Allan gear will be understood. 

Diagram for AlUin'S Gear. — The location of the centre of the 
weigh-shaft J is an important matter. Tn the following diagram, 
Fig. 67, A is the centre of the crank shaft, and £ is the link. 
From A as centre, and with A B as radius, describe the arc B L ; 
and from M as centre, and with M D as radius, draw the arc D N 
intersecting B L in N. Join A N and M N. The point N indicates 
the position of the ends of the eccentric- and radius-rods when in 




full gear. Fix upon the suspension point K, in the radius-rod ; 
and from M as centre and with radius K M. describe the arc. 
From A as centre, and with radius A D, describe arc O P. With 
centre N, and radius equal to half the distance between the pin 
holes in link (D B = D 0, in the figure), cut the arc O P in Q. Join 
K and Q. The line K Q crosses the centre line A M at S ; and a 
vertical from S contains the proper centre of the weigh-shafb. Let 
the vertical position of the shaft be fixed upon, and lettered J. 
Then the double-armed lever G H should be designed so that the 
bisection of the versed sines of the arcs described by the extremities 
of G H are vertical with the bisection ' of the versed sines of arcs 
Q R and K T. 

The above construction is not imperative, but it is the one that 
gives the easiest running. Sometimes the point of suspension of 
the radius-rod is on the opposite side of the link to that shown 
above, the radius-rod extending pswt the link B to accommodate 
the lifting levers; and sometimes the link is slung from above, the 
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point of suspension being at the lower end of the link. This is the 
arrangement adopted by Mr. David Jones on the Highland Railway 
goods engines. 

Expansion Gears and Link Motions Combined.-;- When 

expansion gear is employed in conjunction with link motion, the 
position of the expansion eccentric must be directly opposite the 
crank, if similar action for forward and backward running is 
desired. 
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CHAPTER IV. 
OTHER REVERSING GEARS. 

Contents, — Principle of Radial Gears — Joy*s Valve Gear —Diagram for setting 
out Joy's Valve Gear -Joy's Gear on Marine Engine — Hackworth's Valve 
Gear — Objection to Hackworth's Gear — Bremme's Valve Gear — Practical 
Example of Bremme's Gear— Comparison of Joy's and Bremme's Gear. 

The defects of ordinary link gears have caused engimeers to seek 
for other means of reversing, which shall be free from the objections 
to reversing gears of the link type, and which, at the same time, 
shall be quite as simple and effective. This effort has evolved 
several well-known forms of link-work for actuating the valve, to 
which the name Radial Valve Gear is given. 

Principle of Radial Gears.— The general principle of radial 
gears is that of obtaining from some reciprocating or revolving 
piece of the engine, an arrangement of link-work, a point in which 
shall describe an oval curve, and by altering the direction of the 
axes of this curve, to produce reversal, variable expansion, or 
stoppage. 

Joy's Valve Gear* — Of radial gears, the Joy valve motion is 
perhaps the best known. At a suitable point D in the connecting- 
rod (Fig. 68), the link B is connected, its lower extremity being 
guided by an anchor link 0, which has E for a fulcrum ; E being 
carried from a suitable part of the engine frame. The link F is 
guided in a curved slot G, which, together with the movement 
derived from B, constrains the point H to move in an oval curve. 
The valve- rod J is connected to the extremity H, and imparts 
motion to the valve. Plotting down the paths of D, K, and H will 
discover that these points move in paths similar to the dotted curves 
shown in the j&gure. Now the crank being on the outer dead 
centre, as shown, and the curved slot G being vertical, it will be 
understood that if the total breadth of the curve described by H 
be equal to twice the lap plits twice the lead, the valve will simply 
.move to and fro on the port face, opening each port alternately by 
the amount of lead. This will be the action for mid-gear. Now, 
suppose the angle of the curved slot altered to LL. The path 
described by H will still be of the same form, but altered in 
position ; and because of this altered position will impart an in- 
creased travel to the valve. Again, suppose the slot moved the 
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same angle on the other side of its vertical position. The valve 
now has the same travel as before; but, because of the altered 
angle of the guide, the valve's motion will commence in the opposite 
direction, thus reversing the engine. It will also be understood 
that, by giving any intermediate position to the slot between the 




central point and L L, the valve travel is proportionally increased 
or decreased, as the case may be, thus varying the point of cut-off; 
and that any intermediate position between the central line and M M 
will also produce a variation of cut-off; but the motion will be in 
the reverse direction to that caused by having the slot inclined on 
the other side of the vertical 
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The correct method of laying down the various centres of the 
Joy gear is set forth in a pamphlet issued by Mr. David Joy, the 
inventor. The method is as follows : — 

Diagram for Setting out Joy's Valve Gear,~On the con- 
necting-rod A B, take a point C, so that its total vertical vibration 
D D^ is not less than twice the full valve travel, preferably a little 
more.* Through DD^ draw XX perpendicular to the horizontal 
AB; and at the proper distance from AB lay down the centre 
line of the valve spiudle. Mark the extreme position of the point C 
for inner and outer dead centres ; and choose such a lever C E 
whose total angle of vibration C E C^ does not exceed 90° ; and 
carry the end E by an anchor link E F, the mid position of which 
is parallel to the connecting-rod when horizontal. 

Next, on the centre line of the valve spindle produced, and on 
each side of the vertical X X, mark off the points J J' each distant 
from the vertical by 9\i amount equal to lap and lead. From the 
point J draw a line J H, iAie centre line of a link that, by virtue 
of its connection to C E, will move the point K — the point where 
J H crosses the vertical — equally on each side of the central point 
K. The point K is the centre of oscillation of the curved guides 
in which slide the blocks carrying the fulcrum M of the lever J H. 
The position of H is best found by a tentative process ; and to test 
whether the chosen point be a correct one, the equal vibration 
required is marked off on each side of K, and lettered L L. The 
distance L L is equal to the vertical vibration of the point c on the 
connecting-rod, that is, D D'. From D as centre, and with C H as 
radius, mark the point M in the vertioal X X ; and with the same 
radius mark off JS from D'. M and N are the positions of H when 
the engine is at half stroke, or thereabouts, and these points give 
the total vertical vibration of H. Prom M as centre, and with 
H K as radius, descry:)e an arc cutting the vertical X X ; and 
from N as centre, and with the same radius describe an arc also 
cutting the vertical XX. Then, if the point H be the correct 
one, the arcs just drawn cut the vertical XX at L and L. Should 
the points of intersection fall bdetv L and L, the point Q is too 
near E ; but if they fall above L and L, H is too near 0. The 
exact position of H is generally found on a second trial. 

The valve-rod J G may be of any convenient length, but the 
centre line of the slides must be struck with the same radius. 
From the point K draw a line KO parallel to AB; and with 
centre on this line, and with J G as radius, describe an arc contain- 
ing K, and cutting the curves L L, struck from K as centre, in PP'. 
From P or P', and on each side thereof, mark off on the arcs L L an 
amount equal to one and a quarter times the maximum port open- 
ing required, and let R E.' be the points. With centres on the arc 
S S struck from centre K, describe arcs passing through K R and 

* The port opening being determined, the desired point of cut-off, and the 
lead being known, it is possible to estimate the requisite travel by diagram 
1 or 5, pp. 3 and 8. 
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K K'. These arcs represent the centre lines of the curved slots for 
forward and backward gear, and when the latter are in either of 
these positions the point of cut-off is about 75 per cent. Should a 




later cut-off be desired, the slots must be carried still further from 
their vertical position. 

Glancing at the diagram, it will be seen that the fulcrum K of 
the lever J H coincides with the centre of oscillation of the curved 
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slots or guides when the crank is on either dead centre. It is 
evident that when these points coincide the angle of the guide can 
be altered to any extent without disturbing any other part of the 
mechsnisni, a state of things which shows that the lead is constant 
for all positions of the reversing bandle. 

The inventor's pamphlet goes on to say that when the above 
directions are followed, the leads and cut-ofis for each end of the 
cylinder, for backward and forward gear, are practically equal 

The arrangement of the gear as just described is the most 

•ffective, bnt considerable latitude is permissible. For instance, 

Fig. 70. 




J'ot'b Valve Gear applied tn Marine Engines, 
the point can be placed above or below the centre line of the 
conneoting-rod, and the point K can be rtused or lowered, so that 
the line E O is no longer parallel to A B ; but it is not advisable 
that the line should have a greater inclination to A B than 4°, or 
thereabouts. Again, the anchor link may be dispensed with, the 
point J being guided in a slide affixed to some convenient part of 
the engine. 

For vertical engines the same rules apply by placing the diagram 
vertically, and altering relatively the terms " vertical " and 
" horizontal." 
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The valve motion arising from the link-work of this gear is 
superior to the ordinary eccentric motion. If the movement of the 
parts be traced round for a complete revolution of the crank, it will 
be found that when opening ana closing the steam ports the valve 
travels rapidly ; but during expansion and exhaust the movement 
is slow. Another advantage, in the case of locomotives^ is the 
space saved on the crank shaft, due to the absence of eocentrios, 
whereby longer journals and crank pins are obtainable. 

Joy's Gear on Harine Eng^ine.— As an example of the gear 
applied to a marine engine, the annexed figure (70) from Seaton's 
Mcvmud is presented. The reversing wheel actuating the worm 
gearing with the toothed sector is clearly shown. The curved 
guide is here dispensed with, the end of the reversing sector carry- 
ing a lever which has the same function. 

Haekworth's Valve Gear. — Hackworth's Valve Gear, shown 
diagrammatically in Fig. 71^ consists of an eccentric AB placed 




Haekworth's Valve Gear. 

directly opposite the crank A C, actuating the eccentric -rod B D, 
the extremity of which is constrained to move in a straight guide 
F, the angle of which can be varied similarly to the guide of the 
Joy gear. A point L in the eccentric-rod is employed to give the 
valve movement. It will be seen that when the position of the 
guide is horizontal, the point L will describe an oval curve, whose 
major axes is parallel to F. When the direction of the guide is 
altered the axes of the curve vary correspondingly, and the motion 
imparted to the valve is increased. The gear is so set out that 
when the crank is on dead centre the point D coincides with the 

6 
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centre of oscillation of F. It is clear, therefore, that F can be 
pulled oyer in any direction without disturbing the lead. 

The paths of L corresponding to the three positions of the guide 
F are shown. Let the horizontal G G be drawn on each side of 
the horizontal A B, and removed from it a distance equal to the 
outside' lap. The port' opening for each position will then be 
indicated ; and from the figure it appears that when the slot is 
horizontal^ the maximum port opening is only equal to the lead. 

By tracing the gear round through a complete revolution it will 
be found that the valve acts most efficiently, having a rapid motion 
when opening and shutting, but during the closed periods the motion 
is somewhat slow. 

Bremme's Valve Gear. — In the Bremme Gear an inter- 
mediate point of the eccentric-rod moves in a curved path 
instead of a straight line, and the point of attachment of the 
valve lever is at the extremity of the rod. Fig. 72 will render 
the action clear. 

Diagrram of Bremme's Gear. — The eccentric AB, whose 

position coincides with the crank AC, actuates the eccentric-rod 



^#9 72. 




Bremme's Valve Gear. 

B D, which, at a point H, is constrained to move in an arc having 
a radius equal to the suspension lever G H, and a centre at G. 
When the lever G H has the position shown, the crank revolves in 
the direction indicated. Now let the reversing lever G F, having 
a fulcrum at F, and the same length as G H, be pulled over to £. 
The point G of the lever G H now coincides with E, and the arc 
in which H is constrained to move has its centre at E. This 
changes the direction of the axis of the oval curve described by D, 
and consequently produces reversal of the engine. 

As in the gears already described, the mechanism is so set out 
that the guided point of the eccentric-rod coincides with the centre 
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of oscillation of the reversing lever each time the crank is on the 
dead centre, thus producing equal leads. The angle of the revers- 
ing lever G F from the central line, and known as the " deviation " 
angle, should, the inventor states, never exceed 26* on either side. 

The fact of the point H moving in an arc produces inequality in 
the valve's motion on each side of its central* position, which causes 
cut-off and compression to fall earlier in the down than in the up 
stroke ; but so far from this being an objection, it is an advantage, 
for the increased compression serves to neutralise the downward 
momentum of the piston-rod and connecting-rod. 




Bremme's Valve Gear applied to Vertical Marine Engines. 
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Praetieal Example of BFemme's Gear.— Fig. 73 shows 

a form of the Bremme gear in its practical application to 
vertical marine engines. The reversing handle GH moves the 
reversing arm bj means of a wiper rod and short drag link. The 
suspension-rod AB is slung from the extremity of the reversing 
arm, and carries the eccentric-rod at its lower end. In the figure 
the reversing arm has been purposely omitted in order to avoid 
confusion with the suspension- rod A B. The centre line of the 
former, however, is drawn, and also its extreme position on the 
other side of the vertical, the total angle of deviation in this 
instance being 40**. The valve-rod D and the reversing handle 
are in front of the engine, the latter being locked in any position 
by an arrangement carried on one of the engine stanchions. 

Comparison of Joy's and Bremme's Gear.— Comparing 

the merits of the Joy and Bremme gears, it would appear that for 
locomotives the Joy gear is to be preferred ; but Bremme's gear is 
the best adapted for marine work. It would be somewhat difficult 
to arrange the Bremme gear with its eccentric-rod and reversing 
arm underneath the locomotive boiler, so as to be compact and 
clear the various parts. In marine work, however, the case is 
different. Here the space for the eccentric-rod and levers is usually 
abundant^ and the reversing lever can be conveniently situated. 
The movement of the parts of the Bremme gear is considerably less 
than that of the parts of its rival, and this is a consideration in the 
engine room of a steamship where space is limited, and where it is 
necessary for the attendants to be in close proximity to the working 
parts. 

The objection to radial gears, as a class, is the number of parta 
in continual wear. These parts, unless very substantial and ad- 
justable, soon work loose, and cause rattle, besides disturbing the 
valve action. But given good design and first-class workmanship, 
there is no reason why radial gears should not wear as long as link 
motions, and the former have undoubtedly considerable advantages 
in the direction of improved steam distribution. 
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PART II. 
CORLISS VALVES. 



CHAPTER I. 
OEARS WITHOUT TRIP MOTION. 

Contents. — Advantages of Corliss Gears — Classification of Corliss Gears — 
Valve Gear without Trip Motion— Effect of Wrist Plate — Reduction of 
Dwelling Angle— Location of Wrist-Plate Pin — Rnlesfor Diameter of Valves 
— Angle of Vibration — Position of Levers — Valve Diagram for Corliss 
Gear— Proportions of Steam Valve and of Exhaust Valve— Double-Ported 
Valves — Equilibrium Corliss Valve— Crank-Shaft Governors applied to 
Corliss Valves — Diagrams of Valve Motion. 

About .the year 1850, G. H. Corliss constructed the form of valve 
which bears his name. Since that time the Corliss valve and its 
operating mechanism have been modified and improved, until they 
have attained their present state of perfection, and seem to have 
settled down to certain designs, which it appears difficult to better. 
Advantages of Corliss Gears.— The Corliss valve may be 
briefly described as being of cylindrical form, vi orking on a cylin- 
drical face, and vibrating on its longitudinal axis. It is the outcome 
of an effort to produce a valve gear which would present the 
following advantages : — 

1. Minimum of power to actuate the gear. 

2. Smallness of clearance spaces. 
8. Adaptability to close governing. 

4. Gooa steam opening ; instantimeous cut-off; and free exhaust. 

Classification of Corliss Oears.— it will be convenient to 

classify Corliss gears under three heads : — 

1. Gears without trip motion. 

2. Single eccentric gears with trip motion. 

3. Double eccentric gears with tnp motion. 

The first class is seldom used. The valves have a positive 
connection with the eccentric, the travel is constant, and the point 
of cat-off invariable. 
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In the second class, the steam valves have no positive connection 
with the eccentric, but are opened by catches against the resistance 
of a dash pot, and released at some point of the stroke determined 
by the governor, or otherwise. The exhaust valves are positively 
connected to the eccentric and receive a constant movement. 

The double eccentric gear is the form usually made in this 
country. In this class the steam valves are operated in the same 
manner as in the single eccentric gears, but the exhaust valves are 
driven from a separate eccentric. 

As the action of the first class embodies that of gears with trip 
motion, it will be conveniently discussed at the outset. 

Valve Gear without Trip Motion.— Fig. 74 shows an 

arrangement of Corliss motion without trip gear. A A' are the 

ri^ 74. 




Corliss Motion without Trip Gear. 

steam, and B B' the exhaust valves. These valves are actuated by 
the eccentric through the medium of the wrist plate and the 
wrist plate rods D E P G. When the piston is at the beginning of 
the stroke and about to travel in the direction of the arrow, the 
valve will be open a certain amount. This will be lead. At the 
same time B' will be open for exhaust, and the valves A' and B 
will be closed. The figure shows the wrist plate in its central 
position, at which time all the ports are closed as indicated. It 
will be remembered that when a slide valve is in its central position 
both steam and exhaust ports are closed, assuming that there is no 
inside clearance ; and the probable position of the piston would 
then be about 10 per cent, from the end of the stroke. The same 
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condition of things occurs in Corliss gear when the piston is at the 
same point of its stroke, a position indicated by the dotted lines in 
the figure. Now it will be easily seen that the front steam valve A 
has the same function as the front steam edge of an ordinary valve, 
the back steam valve corresponds to the back steam edge of the 
slide valve ; whilst the front and back exhaust valves produce the 
same distribution as the front and back exhaust edges of the slide 
valve. Bearing this in mind the action of the four valves is at 
once understood.. 

Effect of Wrist Plate.— The presence of the wrist plate modifies 
the motion of the valves due to the eccentric to a considerable 
extent; and the location of the valve-rod pin on the wrist-plate pin 
is one of the important points in Corliss work. In Fig. 75 is shown 
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I 
Steam Valve Lever and Wrist-Plate Rod in three positions. 

the centre lines of the steam valve lever and wrist-plate rod in 
three positions. The wrist plate, by virtue of its connection with 
the eccentric-rod, oscillates through an angle of 33* on each 
side of its central position, denoted by the line A B ; but, by the 
particular location of the wrist-plate pin B, the valve lever CD 
swings through an angle of 28* on one side of the position C D, 
and 51* on the other. 

The advantage of this translation of the eccentric's motion will be 
exT)lained. When the wrist-plate lever is at G, the valve covers 
the port by an amount equal to the lap pltia the angle D C G taken 
at the valve circumference. Now, so long as the valve opens to 
steam at the proper instant, it matters not what its motion between 
G and D may be, because all that motion, so far as this particular 
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valve is concerned, is useless. This movement is known as th& 
"dwelling" motion; for during the time it is being worked through, 
the valve ie merely idling over the port, From what has been 
said, it is appurent that the less the dwelling angle the better ; and 
one advantage of the wrist plate is this, that it permits of the 
dwelling angle being kept smalL If there were no wriat plate^ 
the eccentrio-rod coupling directly to the valve lever OD — the 
dwelUng angle would be half the total angle moved through by 
the valve. 

Reduction of DwelUngr Angle.— in very large engines, the 
advantage of a small dwelling angle becomes morn pronounced, and, 

Fig 76. 



Low-Pressare Qear of Engine dosigned by Hick, Hargraavea ^ C«. (hy peimiraiOD of 
Engintering, Ltd.). 

cognisant of this, Messrs Hick, Hargreaves & Co., Bolton in one 
of their Urge vertical engines, have gone so far as to introduce an 
additional lever and rod to actuate the exhaust valves; and by 
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this means to reduce tbe dwelling angle to a considerable extent. 
The accompanying illustration (Fig. 76) is a perspective view of the 
low-pressure gear of the engine referred to ; from which a good idea 
of the motion may be gathered. On the exhaust side (the le^hand 
side of the figure) is seen the idling lever and its connection with the 
wrist plate. Without at present attempting to describe the steam 
portion of the figure, it may be stated that the trip motion is the 
well-known Inglis and Spencer gear ; and that tbe large size of the 
valves necessitated the use of double dashpots ; an arrangement 
whose advantages will be appreciated when trip gears have been 
discussed. 

Another advantage which the wrist plate possesses is the quick 
steam opening that can be obtained by a suitable location of B 
(Fig. 75). In Fig. 75, the lap of the valve is indicated, and also the 
position of the valve lever when the port is open for lead. The 
corresponding position of the wrist-plate pin is J. The angle 
J A F is 22^ and the angle K H, 35°. From K to H is the 
opening angle of the valve, and it will be understood that the 
quicker this angle is worked through, the better the steam line on 
the indicator diagram. Angles J A F and K C H are both worked 
through in the same time, so that the port opening is quicker in the 
proportion of f|- : 1, than would be the case if there were no modi- 
fication of the eccentric's motion. The rapid movement through 
the angle KOH throws little extra work on the wrist-plate pins 
and rods; for when the valve is moving through the dwelling angle, 
the whole of its surface is under the influence of unbalanced steam 
pressure; but when the port is open and an equal pressure is 
established in the cylinder and valve chamber, the only surface is 
the width of the facing on the back edge of the port. This distance 
is indicated by L in Fig. 75. 

Location of Wrist-Plate Pin. — Whilst endeavouring to keep 
the dwelling angle small, it must not be forgotten that by placing 
the wrist-plate pins too near the horizontal centre line of the wrist 
plate, the motion will give a double stress on the wrist-plate and 
valve-lever pins. This should be avoided. In Fig. 75, the centre 
line of the wrist-plate rod in its extreme position is above the line 
passing through the extreme position of the valve-lever pin and the 
centre line of the wrist plate; thus showing that no double reversal 
of stress occurs. In all wrist-plate gears, the line A M should be 
the limit o£ the wrist -plate pin's movement on that side of its 
central position. The location of B is also governed by the end 
of the valve-rod, it being evident that the pins must be sufficiently 
wide of each other to clear the ends of the rods. Sometimes, how- 
ever, one pin on the vertical centre line of the wrist plate has been 
used for both rods* 

Rules for Diameter of Valves. — The diameter of valves for 
any given size of cylinder is the next point to consider. This size 
is usually determined from some empirical formula. It is customary 
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to let one size of valve serve for several sizes of cylinders, thus 
effecting a saving in templets and patterns. The rule 

expresses very closely the relation between the size of cylinder and 
valve. Here d and D are the diameters of the valve and cylinder 
respectively. 

The exhaust valves are sometimes made larger than the steam 
valves. Then 

• 
would give a result conformable with modern practical The length 
of the ports on the valve face is in nearly all cases made equal to 
the diameter of the cylinder, and, having the length decided upon, 
decides the width. 

The length of the valve lever is usually proportioned from the 
diameter of the valve, although in some cases it is governed to a 
certain extent by the trip motion. A rule agreeing well with 
practice and allowing an increasing leverage for high pressures is 
as follows : — 

Length of lever = 1 *7 x radius of valve + i inch for every 10 lbs. above 
100 lbs. initial pressure. 

Angfle of Vibration, — The angle of movement of the valve 
levers is usually made from 60' to 70°. The dwelling angle 
plus the lap angle has to be worked through before any port 
opening is obtained, so that the remaining movement is left for 
port opening. If the wrist-plate diagram has been laid down, the 
movement of the valve on the face is at once seen ; and when the 
lap angle has been indicated, the amount of travel left for port 
opening is shown. It is advisable that this should slightly exceed 
the width of the port in order that a full port opening may be 
obtained early in the stroke. Should the angle shown not be great 
enough to give the over travel, a little alteration in the position 
of the wrist plate pins would perhaps effect all that is required ; 
care being taken that the angles which the valve lever and wrist- 
plate rod make with each other are easy. In any case it is not 
advisable to make the angle between these points greater than 
HO*" on the one extreme position, and less than j^G^^n the 
other. When these limits are reached in each direction, the 
angle moved through is about 90°, which is rather excessive^ 
Nevertheless^ continental engineers have frequently exceeded these 
limits, without experiencing any trouble in working. If the neces- 
sary movement cannot be obtained except by exceeding the above- 
named limits, the valve will have to be increased in diameter, or 
else a double-ported valve must be used. It should be stated that 
none of the above rules will suit all cases. The wrist-plate diagram 
is more one of convenience than of exact construction. If all the 

* These rules are from the MeeJumical World Pocket Diary. 
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angles ars easj, and the valves give the neceaaaiy port opening, the 
designer may be satisfied as to its satisfactory working. 

Position of Levora. — In arranj^ing the exhaust- valve levers it 
is necessary to consider the position of the port. Two arrange- 
ments are shown in the following figures. In Fig. 77 the exhaust 
port is towards the centre of the cylinder. In opening, the valve 
moves in the direction of the arrow, and to give this action at the 
proper period the exhaust lever must have the position shown by 
the sketch. In the second case the exhaust port is remote from tlie 



PoaitioQ ot Levers. 
centre of the cylinder. This necessitates the valve lever being* 
placed as indicated. Whatever the position of the port, the exhaust 
valve must be moving in the closing direction when the steam 
.valve for the'same end of the cylinder is opening. 

Some Corliss engines have both steam and exhaust valves 
situated below the cylinder. This arrangement, although perhaps 
giving rather less clearance than the ordinary disposition of valves, 
is open to the objection that one port serves for both live and 
exhaust steam ; a state of things not agreeable to the modern notion 
of economical working. The accompanying sketch, Fig. 79, shows 
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' the valveB disposed in this manner, wherein A is the steam, and B 
the exhaust valve. The latter is of the double-ported type in order 
to reduce the angular movement. The exhaust valve is arranged to 
drain the cylinder in a very efficient manner ^^thns obviating 
the use of drain gear. The relative positions of steam valve, 
exhaust valve, and piston are indicated, and the arrows show 
the direction of movement at this particular position. 

Valve DiaifFain for Corliss Gear. — The amount of steam lap 
required to cut-off at any given point of the stroke is obtained in 
the manner shown by Fig. 80. Here R is the radius of the wrist- 
plate pin, and its central and extreme positions are marked A, B, 
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Val-re Diagram for Corliss Gear. 

and 0. Draw the line BO connecting the extreme positions, and 
on thiB line as a diameter describe the circle. Imagine this circle to 
represent the path of the crank pin. Let it be required to cnt-off 
when the crank is in the position A D, which in this instance is 
about 87 per cent. From B as centre, and with a I'adius equal to 
the lead, describe the circle. The line D B drawn as a tangent to 
the lead circle determines the lap circle E F. At F erect a perpen- 
dicular to meet the circle in G. The line FG crosses the radius 
line of the wrist>plate pins at H. H is the position of the wrist 
plate pin when the valve opens. From H, and with the length of 
the wrist-plate rod as radius, draw an arc cutting the valve lever 
radius at J. Then, in order to cutofi at the required point, the lap 
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at the circumference of the valve must be equal to the distance 
between the mid position of the valve lever K L, and the line K J, 
taken at the circumference of the valve. When the wrist plate is 
in its central position, both steam valves will cover the port by the 
amount given by the foregoing construction, and this amount is the 
lap of the valve. 

This construction is faulty, insomuch that it assumes the radius 
of the lead citcle on the line B 0. The lead at the circumference 
ot the valve may be known, but this does not give the amount of 
motion on the line B C to produce it. It is known that the valve 
lever is somewhere between K L and KM when giving lead ; and 
it is easy to assume a position of the valve lever at lead, and find 
the requisite motion of the wrist plate to give that amount, and 
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Exhaust Valve Diagram. 

thus get the lead circle on BO very near the truth. Then the 
diagram may be constructed with this approximate amount ; and 
should it be found inaccurate, a second trial will give a result 
sufficiently approximate for all practical purposes. 

Fig. 81 shows the construction of the exhaust valve diagram. 
The motion of the wrist-plate pin is indicated, and also that of the 
exhaust valve lever. Connect the extreme positions of the wrist- 
plate pin by a straight line; and on this line as diameter describe the 
circle. This will represent, as in the steam diagram, the path of 
the crank pin. Now the angular advance of the eccentric is given 
in the steam diagram. Fig. 80, and is indicated by the letters 
N A O. This angle being known, the position of the eccentric for 
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any position of the crank is also known. Let D represent the 
position of the crank at release. The corresponding position of the 
eccentric is G E ; the angle E D being equal to the angle O A C, 
Fig. 80. Draw E F parallel to G 0, cutting the wrist-plate pin 
arc in H. From H as centre, and with the length of the exhaust 
valve rod as radius, describe an arc cutting the valve lever arc in 
J. Draw K J, which will be the position of the valve lever when 
release occurs. The central position of the lever is K L, and there- 
fore -the distance between the lines K J and K L on the valve 
circumference indicates the amount of exhaust lap that is necessary 
to produce release at the pre-determined point. In the present 
instance the lap is of a positive character, and the exhaust valve 
closes the port by the amount obtained, when the wrist plate is in 
its central position. If the line K J fell on the opposite side of 
K L, there would be clearance or negative exhaust lap, whilst the 
coincidence of these lines would denote that the port and valve 
edges were edge and edge, when the wrist plate was central. 

If the length of the exhaust valve wrist-plate rods is adjustable, 
as it ought to be, the equalisation of release or compression for front 
and back strokes is a simple matter. This is most conveniently 
done when the engine is erected, and the eccentric coupled up. 
The exact lengths of the rods can then be obtained, and indicated 
by centre marks thereon 

Proportions of Steam Valve. — Fig. 82 shows the construction 
of a Corliss steam valve, and also indicates the proper dimensions 
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Proportions of Corliss Steam Valve. 

of the face. The distance B is equal to the lap as found by the 
construction of Fig. 80. The dimension D must be sufficient to 
lap the back edge of the port when the valve is in its extreme 
position. D must therefore be equal to the dwelling movement 
taken at the valve circumference, plus, say, J inch to insure 
tightness. The connection of the spindle with the valve is made 
by a palm forged on the spindle, and fitting into a recess at the 
end of the valve. This construction allows the valve to bed to its 
face and follow up any wear, and at the same time permits the 
valve spindle to work in its bearings without constraint. The 
spindle is shown provided with a stuffing box and packing gland. 

7 
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This is the most usual construction, but in many cases the packing 
is dispensed with altogether; the valve spindles being made to 
work in long bushes accurately bored to suit them. In practice, 
this method of construction is very satisfactory, and valve spindles 
thus fitted have been known to run many years without permitting 
a breath of steam to escape. It is certainly the more mechanical 
arrangement, and when once in order requires no attention. The 
friction of a stuffing box is always an unknown quantity, and at 
times may become excessive and cause undue stress on the pins. 

Proportions of Exhaust Valve. — A section of an exhaust 

▼alve is shown by Fig. 83. The negative lap is indicated by A. 
B must not be less than the active angle of movement taken at the 
valve circumference, otherwise the valve will close the port C, and 
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Section of Exhaust Valve. 

the exhaust will be throttled. D should be a little more than the 
movement of the valve circumference during dwelling period, in 
order that the valve may not re-open the port by its back edge. 

Double-Ported Valves, — if desirable, the exhaust valves may 
assume the double-ported form. This type permits of a consider- 
able reduction of travel compared with the single-ported valve. 
With most English makers it is customary to make both steam and 
exhaust valves the same diameter, and when the angle of movement 
for the steam valves is great, it may happen that the requisite angle 
for the exhaust valves will be still greater and exceed the limits for 
safe working. In cases of this sort a double-ported valve is con- 
venient. 

The annexed figure illustrates the double-ported Corliss valve ; 
the correct dimensions for the face are as follows : — A is the width of 
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the port in the cylinder. The width of the valve fiace B is empirical. 
Then the width ot the exhaust port - A + B. D not less than 

Fig 54. 
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Double-Ported Corliss Valve, 
Fig 85. 

V/////// 




Proportions of a Double-Ported Corliss Valve, 

the movement of the valve circumference during dwelling angle, 
phiB an amount for tightness. The arrow denotes the direction of 
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the openiBi; morement, wliilst die dotted lines show tiie position 
of the yalre when full open. The Tmlve shoohi be designed to 
take np as ukuich of the €h tmber as possible without wire-drawing 
the steam, so as to rednce idearaooeL 

The doable-ported form may, of oonrse^ be applied to the steam 
▼aires, and this is often done in large sizes. The form and propor- 
tions of sndi a valve are here shown. A and B are equal to the 
lap as found by constonction. Hie width of the port at D is what 
would be necessary for a single-ported valve ; but at C the width 
18 D + F, so as to maintain a full opening. E and 6 should be 
equal to the movement of the valve ciitnimferenee daring dwelling 
angle, plus a suitable amount for tightness. The width F. as before, 
is determined bj practical considerations. 

EquUibriam CSorliSS Valve. — In order to still further reduce 
the travel the form of v^alve shown by Fig. 86 may be employed. 
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Equilibrinin Corliss Valve. 

In opening, the movement is in the direction of the arrow, steam 
being admitted at the openings A and B as well as at and D. 
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The opening £ extends for half the length of the poi*t in the 
cylinder, as is shown by the elevation view. It is strange that this 
valve is so little known, or, if well known, so little employed, for it 
has another advantage besides that of reduced travel. An inspec- 
tion of the figure will show that at all points the valve is in perfect 
equilibrium, and that the only resistance to motion is caused by 
the friction due to the weight of the valve and the friction between 
the valve spindle and its stuffing-box. It may be objected that 
because of the peculiar form any wear that takes place cannot be 
taken up ; but where there is no friction there can be little wear, 
and in practice the valve has proved a success. Its use entails 
rather more clearance than the ordinary type, but if the valves 
were placed at the ends of the cylinders, instead of at the top and 
bottom, in the usual manner, the clearance would still be less than 
that of most Corliss engines of the present day. It should be added 
that an engine fitted with this form of valve on the high-pressure 
cylinder was exhibited at the Paris Exhibition by MM. H. De 
Yille-Ohatel & Co. 

Crank-Shaft Governors applied to Corliss Valyes.— The 

combination of a crank-shaft governor and Corliss valves forms a 
very good arrangement, but one which has not found much favour 
in this country. The action of crank-shafb governors having been 
discussed in the first part, further description is unnecessary. It 
may be necessary to state, however, that the governor must alter 
both the angle of advance and the throw of the eccentric, in order 
that the lead shall be constant. A governor of the form shown in 
Fig. 44, Part 1, will not doj but the Westinghouse governor, 
Figs. 46 and 47, Part 1, is particularly suitable. It is advisable to 
employ a separate eccentric for the exhaust valves, so that com- 
pression may not be excessive when the engine is running light. 
The separate eccentric also relieves the governor to a considerable 
extent. 

The annexed illustration shows an engine cylinder with Corliss 
valves; the cut-ofiT being controlled by a crank -shaft governor. 
In this case, the valves are located in the covers, and are of the 
balanced type just described. Separate eccentrics for the steam and 
exhaust valves are employed ; and wrist plates, as will be noticed, 
are dispensed with ; each vaive receiving its motion direct from a 
rocker arm to which the eccentric-rod is connected. This valve 
gear is specially suited for high-class quick-running engines. It 
has the simplicity of slide valve gearing without the concomitant 
defects of the latter ; and, for quick running, has advantages over 
ordinary Corliss gears which will be fully understood when trip 
gears have been dealt with. The steam branch is below the cylinder ; 
steam passing through a belt cast with the cylinder to the '*E" 
pipe, and thence to the steam valves. The exhaust branches are 
below, and serve as feet by means of which the cylinder is secured 
to the foundations. 

Diagrams of Valve Motion. — The accompanying diagiams 
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illustrate the action of the steam valves. The horizontal axis A B 
represents the stroke of the engine ; whilst the extreme width 
represents the travel of the valve. The stroke is divided into ten 
equal parts, and the points at which these divisions intersect the 

/^/gr 88. 




diagrams show the distance of the valve from its central position. 
The shaded portion shows the port opening, and the fact of the 
diagram passing beyond the line C D denotes that the valve has 
over travel. In the left-hand diagram the valve has its maximum 
travel, and the point of cut-off, C, is latest. At the earliest cut-off, 




the diagram assumes the form shown by the right-hand figure. The 
lap, of course, remains the same, but the travel is reduced, and cut-off 
is consequently at C, Below the ellipse diagrams are shown the steam 
distributions for the early and late cut-off by Zeuner's method. 

The diagrams for the exhaust valves are shown in Fig. 89, from 
which it will be seen that the valves have over-run ; consequently, 
the port is full open at A, and remains so, until B is reached. 
Belease and compression are at and D respectively. 

This description concludes the remarks on Corliss gears without 
trip motions. 
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CHAPTER 11. 
SINGLE ECCENTRIC GEARS WITH TRIP MOTIONS. 

Contents. — Principles of Trip Gears — Advantages of Trip Gears— The 
Reynolds Trip Gear — Diagram showing Range of Trip — Diagram for 
Reynolds Trip Gear — Clearance of Catches— Movement of Trip Levers — 
Cause of popularity of Corliss Gear in America— Arrangement of 
Link-work. 

Principle of Trip Gears. — The class of Oorliss gears fitted 
with trip motions has now to be considered. In mechanisms of 
this description, the steam valves are not in positive connection 
with the eccentric, but are moved by it against the resistance of a 
spring, weight, or vacuum. The eccentric-rod, or some other rod 
connected thereto, is provided with an arrangement whereby it 
engages with the valve lever, and communicates its motion to the 
steam valves in the opening direction only. This engagement is 
broken at a certain position in each revolution, determined by the 
governor, or by hand, and the valve, freed from all connection with 
the eccentric, is at once closed by the springs or whatever may be 
employed for the purpose. 

Advantages of Trip Gears.— The arrangement just described 
has several important advantages. The first and most valuable 
is the way in which the governor controls the engine ; cutting off 
steam at the point requisite to maintain a uniform speed, and 
doing so in a manner that relieves it of almost all influence due to 
the valve; the function of the governor being, not to close the 
valve, but to determine when it shall be closed. 

The second advantage that trip gear possesses is the practically 
instantaneous cut-off that results from its operation. The steam 
valves, as previously remarked, are opened against a resistance, 
which, at the proper instant, closes them with a rapidity and 
precision altogether unattainable by any motion derived from a 
reciprocating or rotating part of the engine. This cut-off, indeed, 
is so rapid, that an indicator diagram from a cylinder fitted with 
trip motion and receiving boiler steam can always be distinguished 
by the sharp corner at cut-off. 

The Reynolds Trip Gear.— As a typical example of trip 
motion the Reynolds gear is selected and illustrated by Fig. 90. 
This gear is the invention of Mr. Reynolds of the El P. AJlia 
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Company, Milwaukee, America, in which country it is most 
common. The patent right of the invention having expired any 
one is at liberty to manufacture the gear. 

In Fig. 90 the double-ended lever A, to which the wrist-plate rod 
B is connected, swings loose upon the valve spindle 0, This lever 
carries on its upper end a trip hook D, supported by a pin fixed 
in the lever A. The lever E is keyed on the valve spindle, and 
thus imparts any motion which it may receive to the valve. P is 
a square pin fixed in the lever E, and fitted with a steel catch or 




Reynolds Trip Gtoar. 

face as shown by the figure. On the lever E, and between the 
valve spindle C and the square pin P, another pin is provided. 
This pin G has a continual downward force exerted upon it by the 
dashpot through the medium of the dashpot-rod H, and will, there- 
fore, unless prevented, always occupy its lowest position. A steel 
catch on the trip hook engages with the steel catch on the pin F ; 
and while this engagement holds, any movement of the lever A in 
the direction of the arrow will draw up E through the medium of 
the trip hook, and E, being fast to the spindle, moves th • valve. It 
will be seen that if by any means the catch on F becomes released 
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from the trip hook, the leyer E will at once descend to its lowest 
position, and in so doing close the valve. It only remains to 
devise a means of effecting the disengagement at any desired 
instant, and the essentials of a trip gear are obtaiped. The method 
of accomplishing this disengagement is as follows : — ^The lever 
J, situated between the levers A and E, is loose upon the valve 
spindle. On the boss of this lever is a steel piece which projects 
above the surface of the boss. The inner limb of the trip hook 
rests upon this boss, being kept in position by the steel spring K 
encircling its upper half. During the motion of the wrist-plate 
level A in the direction of the arrow, the trip hook is carried up, and 
because the steel catch thereon engages with the catch on the dash- 
pot leaver E, the latter also rises. This state of things will continue 
until the limb of the trip hook strikes the steel piece on the boss of 
lever J, when the hook is caused to oscillate upon its pin, and in 
BO doing forces the steel catch clear of the catch on the dashpot 
lever, which is at once dragged down by the dashpot. From a 
consideration of the motion it will be seen that there is a sorb of 
sharpening action on the catches when at work, whereby the edges 
remain in good condition for a considerable period. The steel 
catches are secured to their respective levers by small bolts as 
shown, and are sometimes designed so as to be reversible, thus 
presenting eight edges for wear. 

It is clear that by varying the angle of the trip lever the 
position of contact of the projecting piece thereon with the limb 
of the trip hook is also varied ; and it is also clear that if J be 
connected to the governor in a suitable manner, the latter will 
have control over the cut-off by determining the point at which the 
lever E is released. 

' Diagram showing Range of Trip.— A study of Fig. 90 will 

reveal one important fact — ^namely, that tripping can only take 
place when the wrist-plate lever is moving in the opening direction. 
This statement is common to so many gears that it may be laid 
down as a rule. 

Let A B, Fig. 91, represent the crank of an engine, and A C the 
eccentric having an angle the cosine of which is equal to lap pltM 
lead. As drawn, the engine is on the back dead centre, and the 
steam valve at that end of the cylinder would be open to lead. 
The eccentric is moving the valve in the opening direction, 
and will continue to do so until it reaches A D. The angle of 
advance O A B is unaltered, and, therefore, when A O is at A D 
the crank is at A E, angle DAE being equal to angle CAB. 
The eccentric now returns, and unless the trip has operated 
before this return motion has commenced, it will not do so 
during that stroke. Therefore, with an eccentric set in the 
position A C, the total range of tripping is only from B to F, 
in this instance about 25 per cent, of the stroke. Such a range^ 
however, is scarcely suitable for many cases, where it may be 
requisite on heavy loads to carry on steam to 50 or 60 per cent. ; 
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With th« Betting ahown by Fig. 91, if the trip missed, ateam ^ 
carry on till the orank reoch^ A Q, the valve then cutting off by 
virtue of its lap. Thus it ia seen that between A£ and A Q the 
governor baa no control over the steam. 




Sow take Hm case of an eccentric set in the position AO, 
Fig. 92. The letters in this diagram correspond with those in 
Uie previooB figure. Here it is evident that tlie range of trip is 
oonsideraUy increased, being now B F, about 78 per cent. When 




the crank is at B, the valve is open to lead as before, but when 
the eccentric is in this position, the crsnk will be at A H, angle 
H A B being equal to angle CAB. In order to give the desired 
amount of lead, the valve mnst cover the port by an amount eqnal 
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with the projecting piece just touching the trip hook, and this will 
be its position at latest trip. 

The method by which the trip levers for each end of the cylinder 
are made to move equally in opposite directions is dearly shown in 
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Fig. 93. With reference to this matter, it will suffice to say that 
P is a fixed centre of motion, and the governor actuates the double- 
ended lever swinging on centre P. A pointer may be attached to 
this lever playing over a graduated index, so that the point of cut- 
off is always seen. 
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Cause of Popularity of Corliss Gear in America.— in 

America, Mr. Corliss employed only one eccentric to operate both 
43team and exhaust valves ; an arrangement whose very defect has 
perhaps contributed more to the popularity of Corliss gear than 
Anything else. The one eccentric precludes tne possibility of cutting 
off after about ^ stroke, which was little later than the most 
economical point for pressures then common. Whenever a Corliss 
engine was put down, it was imperative that it should perform its 
work within this range of expansion, so that the owner was unable 
to run his engine except under economical conditions. The advan- 
tage over those engines which were too small for their work was at 
oncp apparent, and gave rise to a common notion that the economy 
was due solely to the valve gear. 

Arrangfement of Link-work. — in designing the link-work of 

Oorliss gears, it should be arranged that all rods can be taken off 
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Arrangement of Link-work. 




Arrangement of Link- work (another method). 



their pins by simply removing loose collars. This is a point some- 
times forgotten, or at least neglected. In the arrangement shown 
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by Fig. 95, which is a plan view of a wrist-plate rod and its connec- 
tions, it is evident that to remove the rod it is necessary to remove 
the rod from one of the sockets ; whereas if it were arranged as 
shown by the next figure, the dismantling is efiected by removing 
the two loose collars A and B. Then the length of the rod is not 
altered, and may therefore be replaced without any re-setting. 
These remarks apply to the governor trip rods, and in fact to all 
link- work of a similar natare. 
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CHAPTER IJI 
DOUBLE-ECCENTRIC GEARS WITH TRIP MOTIONS. 

Contents. — Movement of Valves in Double-Eccentric Gears — Diagram of 
Motion — Speed of Trip Gears — Range of Trip — Proportion of Valves — 
Messrs. Musgrave's Trip Gear— Ingiis and Spencer's Slip Rod — Arrange- 
ment of Ingiis and Spencer's Trip Gear — Crab- Claw Trip Motion — 
Messrs. Ruston Proctor's Crab-Claw Gear — Dobson's Trip Gear — Valve 
Diagram for same — Mr. Goodfellow's Gear— Dashpots. 

The advantage of double-eccentric gears has already been com- 
mented upon. It remains to discuss the action of this class. 

Movement of Valves in Double-Eccentric Gears.— The 

difference between the motion of a single- and double-eccentric gear 
is, that whilst in the single-eccentric gear the dwelling period of 
the steam valves occupies half the travel of the wrist plate, the 
steam valves of a double-eccentric gear have, strictly speaking, no 
dwelling period ; all the motion of the valve lever being taken up 
by lap, clearance of trip edges, and port opening. The steam valves 
never lap the port by an amount greater than the lap ; hence, other 
things being equal, a less movement of the valve lever is required 
than with a single-eccentric gear by the amount of dwelling angle 
referred to the valve circumference. It has been common practice 
to make the angular movement of double-eccentric steam valves 
from 60° to 70° ; and to make the port one-tenth the valve cir- 
cumference. Thesa are good rules, and, with an ordinary amount 
of lap, give sufficient over- travel to produce a full port opening early 
in the stroke. 

The action of the steam valves will be understood from the 
annexed diagram and the following description : — 

Diagram of Motion.* — The circle BOD (Fig. 97) represents the 
travel of the valve by its diameter, and the path of the crank pin by 
its circumference. Let the total range of trip be from C to E — that 
is, about 75 per cent. Draw E B perpendicular to C D, and from E 
mark off the lead E F. Then, F D is the necessary lap of the valve, 
and the position of the eccentric is denoted by the line A B, the 
crank pin being, by supposition, at D. Describe the lap circle 
F N L. Produce A B to J, and describe the valve circle A G J. 
The valve and lap circles intersect at G. From A draw a line 
through G, and produce it to the crank-pin circle. Then A K is 
the crank position when admission commences. From this point 

* This adaptation of the Zeuner diagram was first suggested by Mr. James 
Dunlop. 

8 
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the port opening continues to increase, and at crank position A M 
is equal to A N. A N is at right angles to B J, and the port 
opening for any position of the crank between A M and A O, in the 
clockwise direction, is given by an ordinate between the lap circle 
and the remote side of the valve circle. Thus, at A P the port 
opening is Q B, and so on. Afber A O, the port opening is indicated 
by the ordinate between the lap circle and the adjacent side of the 
valve circle. The lap and valve circles intersect at L. This 
denotes that the port is closed, and the diagram shows that it 
remains so till A K is reached. This would be the steam distribu- 
tion if the valves were positively connected to the eccentric-rod 
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and operated without the intervention of trip gear, and it is seen 
that stewn carries on to A L. Such a state of things is, of course, 
absurd, but it must be remembered that the trip gear releases the 
catches before the crank passes A B, and the valve at once closes, 
remaining stationary until re-engagement takes place. 

Speed of Trip Gears.— It will have been noticed that engage- 
ment of the catches must take place twice during each revolution of 
the engine, and as the catches in many cases only move past each other 
TF or i of an inch, it will be understood that there is not much 
time for engagement. In fact, it is well known that a speed of 
100 revolutions is about the limit for trip gears. When this speed 
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is exceeded, missiDg of the catches is a likely occurrence. This is 

serious in a single eccentric gear, because steam carries on far in the 

stroke, and regular running is impossible, but in double eccentric 

motions it would be positively dangerous, insomuch that a miss 

would cause live steam to flow through the exhaust, an occurrence 

not admissible under any circumstance. 

In the previous figure let JT represent the clearance of the 

catches. With centre A and radius A T describe the arc XJ V. On 

A T as diameter, describe a portion of a circle cutting the valve 

travel circle in W and X. At X the catches are flush with each 

other. From X to T the clearance is being worked through, and 

at the latter point the valve lever is in its extreme position. From 

this point the catches approach one another and have re-engaged at 

"W, at which point the valve begins to move. While the crank is 

passing from A X to A W the catches must re-engage or else a miss 

trip is the result. Take the case of an engine running at 100 

revolutions per minute, and let the angle X A W be 30°. 

Under these conditions the time for re-engagement is only 

60 X 30 ... . , ^ , 

^g^-3g-^;thatis^ofasecond. 

It may be asked, why not give the catches more clearance to 
allow a longer time for engagement? The objection to this proposal 
is that more clearance would cause the engagement to occur at a 
time when the wrist-plate levers were moving at a comparatively 
high speed, and the inevitable result would be a considerable jar 
on the catches and wear on the pins. When the clearance is 
small, the eccentric is very near its dead centre when engage- 
ment takes place and is therefore moving the wrist-plate lever very 
slowly. The catches thus engage easily and without shock. 

Range of Trip. — With respect to the range of trip that is most 
desirable, it may be stated that 75 per cent, is good and usual 
practice. If a less range will fulfil all requirements it may be 
adopted, but with the disadvantage of increased lap, which, to main- 
tain the same port opening means increased travel, an objection 
which is compensated in some measure by full port opening being 
attained earlier in the stroke, as may be proved by construction. 
By increasing the range the lap is decreased, but the crank position 
at full port is later. 

PropOPtionS of Valves. — As there is no dwelling angle in the 
steam valves of double eccentric gears, it is sufiicient to make the 
valve face lap the port on the back edge by an amount necessary 
for tightness and bearing surface when the valve is full closed. 

The width of the face will therefore be — 

Steam lap + width of port + back lap. 

The exhaust valves have dwelling periods, of course, like the 
single eccentric gears, the proportions for each case being exactly 
similar. 

Messrs. MuSgrrave'S Trip Gear.— The form of trip gear made 



116 DOUBLX-ECCSNTKIO OKAKB WITH TRIP UOTIOIT. 

by Messm. UuBgrave, Bolton, oonsists of a valve lever A keyed to 
uie valve spindle, and receiving motion from the rod B, which is 
provided with a steel catch. This catch engages with a steel pieco 




Miugrave'i Trip Gear. 

1 the valve-lever pin STipported by the valve lever, but free to 
ove therein. Connected to this spindle is the trip lever E, the 
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Action of Catches in Musgrava'a Trip Gear, 

tipper end of which ia connected to the governor-rods in the 
manner indicated. The detail ot the catches will be better seen in 
Fig. 99, in which the gear is shown in two positions when set for 



MESSRS. MUSGRAYe's TRIP GEAR. 



117 



the latest trip. At the left hand the catches have just engaged, 
and the valve begins to move from risjht to left against the 
resistance of the dashpot spring. The valve lever continuing its 
motion causes the steel catch on the spindle to gradually become 
disengaged from the catch 0, because the upper end is held by the 
governor, and for any one stroke may be considered stationary. In 
the diagram to the right the mechanism is at the extreme position 
in the opening direction. The catches are edge and edge and the 
valve lever is about to be moved by the dashpot, and to occupy the 
position indicated by the dotted line F G. 

The length of the trip lever E is regulated by the depth of 
engagement, the travel of the valve lever, and the width of the 
catch on the trip lever. 

Let H = distance from centre to edge of catch (see Fig. 99). 

B sa depth of engagement, 

C = length of trip lever, 
and D = travel of catch on trip lever, 

Then, in order that trip may occur at the latest possible point, the 

XT "D 

equation _- = -- must be satisfied. To find the depth of engage- 
ment at the beginning of the valve lever's motion in the opening 
direction, for any earlier point of cut-oflT, substitute D' for D, D' 

rig too 




being the movement of the valve lever from the commencement of 
its travel to the point at which trip shall take place. The value 
of B for the earliest trip determines the movement of the end of 
the trip levers, it being equal to — 



f-^) 



Here B' is the depth of engagement or earliest trip. The whole 
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matter is simply a question of leverage, the length of the trip lever 
being one arm, and the half width of the catch plate the other. 

If the travel of the valves is large, the trip levers become incon- 
veniently long, and to avoid this, Messrs. Musgrave usually employ 
double-ported valves, thereby reducing the travel. 

The arrangement just described is known as a "push** gear, 
because in opening the valve, the rod B is in compression. In push 
gears the eccentric must be directly opposite the proper position 
for a pull gear under the same conditions. Fig. 100 will illustrate 
the matter clearly. A B is the crank and A C the eccentric for a 
pull gear, but for a push gear A D would be the proper setting. 
The line A D is an extension of A B. It will be noticed that in 
Musgrave's gear the eccentric-rod connects to the wrist plate or its 
equivalent on the opposite side to which the valve-rods are coupled. 
This again alters the angle of the eccentric 180°, thus bringing it to 
AC, Fig. 100. 

IngrliS and Speneer Slip-Rod.— The well-known Inglis and 
Spencer slip-rod, the construction of which is shown in Fig. 101, 




Fig 101. 
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Inglis and Spencer Slip- Rod. 



has established itself as a simple and reliable form of trip gear. 
The end A embraces the wrist pin and carries the spring clips C, 
which are secured by bolts as shown. The end B telescopes on 
this piece, and is provided with steel catches to engage with the 
pieces on the clips. The eye D is coupled to the valve lever. 
Tripping is effected by the toe lever E forcing open the steel clips 
and releasing the catches. The upper end of the toe lever is under 
the control of the governor, and by its inclination to the slip-rod 
determines the point of tripping. It will be seen that when the 
slip-rod moves in the direction from B to A and the upper end of 
the toe is stationary, the result is to cause the head of this lever 
to move round on its centre, and in so doing force open the clips. 
The piece B then springs forward in consequence of the pull of the 
dashpot on the opposite end of the valve lever to which B is con- 
nected, and thus the valve is closed. The part B is then stationary, 
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bnt A, being connected to the wrist plate, continues its motion 
until the catches on the clips move post the catches on B, so that 
engagement takes place, and the whole rod moves together. To 
prevent noiBO during eng^agement the clips are provided with 
leather pads, which, falling on B, prevent any metallic click that 
irould otherwise occur. 

Arran^meDt of Ingflis and Spencer Trip Gear.— The 
annexed folding plate showa the practical application of the above 
form of trip gear. The makers are Messrs. Hick, Hargreaves & Co., 
Bolton. Separate eccentrics and wrist plates are employed for the 
ateam and exhaust valves, thereby allowing of a wide range of trip. 
The Inglis and Spencer slip-rod is clearly shown, and also the con- 
nection of the toi! levers to the governor. The trip-rods are made 
to move in equal and opposite directions by toothed sectors fastened 
to the apindlea on which the levers carrying the trip-rods are 
secured. These sectors, which do not appear in the engraving, are 
situated under the dashpot. The gear is shown set for the TatesB 
trip, the back steam valve is wide open, and the toe lever is about 
to release the clips in the manner previously described. The 
exhaust portion of the gear calls for no special remarks, being the 
usual arrangement adopted when wrist plates are employed. 

Crab-Claw Trip Motion. —The crabclaw trip motion origin- 
ated in America, where it finds much favour. The double-armed 




Crab-Claw Trip Motion. 

valve lever carries a pin provided with a square head of hardened 
steel, which engages with the lever limb of the distinguishing 
feature of this gear — the crab claw A. The wrist-plate rod passes 
through the square head and is free to slide therein. The claw is 
centred on this rod, and within certain limits is free to move on its 
centre. It is held to its place by the small spring B, The action 
of the gear is as follows : — Suppose the gear to be in the extreme 
position and about to move the valve in the opening direction. 
The crab claw then catches the square head fixed in the valve 
lever und thus pulls the valve open. This action will continue till 
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the upper limb of the claw strikes the projecting piece D on the 
governor lever C. The effect of this contact is to depress the crab- 
claw catch clear of the square head, and the valve lever being free, 
at once returns to its extreme position by the pull of the dash pot, 
and remains in that position until the crab claw returns to engage. 
The lever C is under the control of the governor, and by its position 
determines the time of liberation. The position of the crab claw 
centre for any point of the stroke being known, it is easy to find 
the position of D for any point of cut-off. As this matter was fully 
explained when describing Reynolds* trip gear, further explanation 
would be superfluous. 

The second projection on the governor lever is for safety purposes. 
Should the governor driving -gear fail, the governor at once falls 
to its lowest position, and by moving the governor levers, brings 
the safety piece in contact with the claw and entirely prevents it 
from engaging with the square pin. The valve, therefore, remains 
closed, and the engine is soon brought to a standstill. The presence 
of the safety trip occasions a difficulty in starting ; for the governor 
levers have to be held in a position to allow the claw to engage 
with the valve lever. 

Messrs. Ruston Proctor's Crab-Claw Gear.— In England, 

Messrs. Ruston, Proctor & Co. employ the crab-claw gear, using 
separate eccentrics for steam and exhaust valves. Their practice is 
to carry the wrist-plate centre above the central line of the cylinder, 
if necessary, so as to bring the wrist-plate rods practically 
horizontal ; and to locate the steam wrist-plate pins as near the 
vertical centre line of the wrist plate as the rod ends will 
permit. 

Fig. 104 is an illustration of one of this firm's twin-compound 
condensing engines, fitted with crab-claw gear. 

DobSOn's Trip Gear. — Dobson's trip motion is illustrated by 
Fig. 105. The sliding piece A is carried by a bracket fixed 
to the side of the cylinder. This sliding piece receives its motion 
from the eccentric which couples to pin B. At each end of A are 
the trip boxes 0, carrying tripping pieces E, and trip levers D. 
The latter are connected to each other and to the governor in the 
manner shown. At certain periods the tripping pieces engage with 
steel catches secured to the hollow spindle F, and by their engage- 
ment drag F and the dashpot piston secured thereto against the 
resistance of the dashpot spring. The upper ends of levers D are 
practically stationary, so that the effect of sliding A to and fro is 
to cause these levers to move on their centres, thus raising the 
tripping blocks and causing liberation. The cut shows the gear 
ready for tripping at about 25 per cent, of stroke. Any movement 
of the upper end of trip levers in an outward direction from the 
centre of the cylinder would delay liberation; whilst movement 
in an opposite direction would hasten it. The tripping blocks are 
held to their work by means of the light springs in the trip boxes, 
and are always pressed down upon the trip levers. The valve-rod 
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is of rectangular eectton »t the middle to enable the end to follow 
the arc described by tlie valve lever pin. 



Valve Dtaffpam for Same. —The valve diagram shows the 
motion of the ateam valves for both back and front ends. Starting 
at point B (Fig, 106) for the back ateam valve, the motion from B to 
G is taken up by clearance of trip catches. Lap is then worked oS 
and the valve opens, and at D the admission commences. From D 
to E on the arc of the valve lever is lead, and the projection of E to 
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the circle indicates the position of the eccentric when crank is on 
dead centre. Let H be the projection of E, and let O H be pro- 
duced indefinitely. With centre on O H produced, and with a 
radius which bears the same ratio to the radius of the circle B H J 
as the connecting-rod bears to the crank, describe arcs for any con- 
venient number of crank positions. Where these arcs intersect 



Fig toe. 




circle B H J project lines to the arc of the valve-lever pin. (See the 
accompanying figure.) The port opening for any crank position is 
then at once read oflf. In the present case, the range of trip is 
seen to be from J to H, about 75 per cent. The port opening at 
one-tenth stroke is 1 J inches ; at two- tenths, 2J inches ; at three- 
tenths, 2| inches ; and so on. The unequal distribution due to 
connecting-rod influence causes the range of trip for the back stroke 
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to be somewhat less than for the front stroke. The diagram shows 
this. Messrs. Yates & Thorn, Blackburn ; Sharpies & Co., Barns- 
bottom; aad Victor Goates, Belfast, are constniotora of Dobsoa's 
trip gear. 

Goodfellow's GeaF. — Benjamin Goodfellow, of Hyde, Man- 
cheater, constructs a trip motion in which catches are dispensed 
with altogether. la his arrangement, a knuckle joint is the device 
employed, and tripping is effected by the knuckle doubling up and 
leaving the valve to the influence of the dashpot. The rod E (Fig. 
107) receives its motion from the eccentric-rod without the interven- 
tion of a wrist plate. The levers F F slung from brackets on the 
valve bonnets carry this rod, which is provided with a preparation 
for carrying a piece D. This piece forms the centre for the tripping 
finger. The double-ended vaJye levers 00 are connected to the 
dashpot on one side, and to the piece D through the medinm of 
the knuckie joint formed of the levers A and B. Id the figure, 
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the gear is shown in the extreme position, and it will be seen that 
the knuckle for the back end is nearly straight. Any movement 
of £ in the direction of the arrow will give an equal movement to 
the valve lever at the back end, because the central pin of the 
knuckle is slightly below the line connecting the twu extreme pins, 
and the knuckle is prevented from doubling in a downward direc- 
tion by a protuberance on the brass link A. which rests upon tlie 
carrier rail E, The forward motion of the valve lever will continue 
until the tripping finger N, which forms part of the link B, cornea 
in contact with the tripper M. When this occurs the knuckle at 
once closen up, and asaumes a position similar to that shown at the 
front end. The trippers M are under the control of the governor, 
and by their 3M>sition determine the point of cut-off. The hole in 
the brass link A is made larger than the pin of the valve lever 
which it embraces. The object of this clearance is to allow the 
centre joint of the knuckle to fall below the other joints, bo as to 
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ensure no doubling up unless the trip finger is struck by the 
tripper. This play in the lint cori-esponds to the clearanoe of 
ordinary trip gears. A leather pad on the link A. deadens the 
noise when the gear attains its extreme position and the link falls 
on the carrier rail. 

The method by which all plucking action on the governor due to 
the tripping lever striking the finger is avoided is very ingenious. 
The trip lever is hinged from the sliding collar, and is provided 
with stops on its upper end, which, whilst allowing the lever a 
little free play, prevent it swinging out of the way of the finger. 
The effect of M and N striking is not to slide the collar along the 
spindle and thus giluck the governor, but to cause the trip lever to 
Innd on the under side of the sliding collar. 

It will he convenient to conclude this chapter with a few remarks 
on dashpots. 

DashpOtS. — The vacuum dashpot shown by Fig. lOS, rests upon 
a caat-iron plate secured to the engine foundations. The dashpot- 
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rod connects to the pin A, and lifts the plunger B, thus forming a 
vacuum between it and the casing C. Tightness is obtained by the 
leather ring D secured in position by a circular nut. The small 
valve E is free to move in one direction only, and allows air to 
escape from the vacuum chamber into the atmosphere. F is the 
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cushion chamber, the object of which is to prevent the daahpot 
oloaing violently. The cushion part of the plunger is provided 
with a leather pad which talla on a pad fastened to the bottom of 
the cushion chamber. When the piston descends, the small valve 
G regulates the escape of air from the cushion chamber with the 
greatest nicety, and renders the action practically noiseless. 

The diagram of the spring dasbpot is self-explanatory, and it 
only remains to say that the valve A regulates the oushioning of 
the piston in the manner already described. 



Spring Dasbpot. 

A vacuum dashpot is not suitable for a double eccentric gear, 

because the small movement of the valve lever from engaging posi- 
tion to admission point does not raise the plunger sufficient to pro- 
duce a good vacuum. There must be some clearance in the vacuum 
chamber, and therefore the degree of rarity of the atmosphere 
therein is proportional to the lift. In double eccentric gears the 
valve movement for early cut-oiF is very small, and is insufficient 
to secure prompt action of the dashpots ; but with single eccentric 
gears, the dwelling and lap angles must always be worked through 
before steam opens, so that even at the earliest cut-ofF the dashpot 
lever lifts a considerable amount. With a spring dashpot, an 
initial tension or compression can be given, which will close the 
valves promptly at all grades of expansion. 
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CHAPTER IV. 
SINGLE ECCENTRIC GEARS WITH LARGE RANGE OF TRIP« 

Contents. — Frikart Single Eccentric Gear — Valve Diagram for Frikart Gear 
— Farcot Gear— Features of Cylinder —Wheelock Gear— Conclusion. 

It remains to illustrate and describe several gears which form 
exceptions to the rule that tripping can only take place when the 
eccentric is moving in the opening direction. 

Frikart Single Eccentric Gear.— The first gear to notice is 

that invented by Frikart, and made under license by Messrs. Green- 
wood & Batley, Leeds. The peculiarities of this gear permit of 




Frikart Single Eccentric Gear. 

both steam and exhaust valves being operated by one eccentric, 
whilst giving a range of trip up to 75 per cent., or even later. 
Another advantage is that in consequence of engagement being 
positive— that is, not relying upon springs to bring the catches 
into gear — the motion is adapted to speeds quite unsuitable for 
ordinary trip gears. 

In order to understand the action of the trip itself, it will be 
necessary to consider the arrangement of the rods and levers. In 
the diagrammatic sketch, Fig. 110, A is the crank shaft on which is 
keyed the eccentric, giving motion to the wrist plate through the 
swing lever G. The wrist plate communicates its motion to the 
exhaust valves in the usual manner ; but the steam valves derive 
their motion through the medium of several levers. The detail of 
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the trip is ehown bj Figs. Ill and 112. The two levers A and B 
oscillate upon the valve spindle, the wrist-plate lever A being loose, 
aad the dashpot lever B keyed on. Swinging on the upper end of 
A ia the tripping lever and catch 0, which, at certain periods, 

Fig. US. 




Frikut Single EJccentric Gear. 

engages with the daahpot lever. C is so constructed, that when 
the centre of the pin D coincides with the centre line of the valve 
spindle, tbi; dashpot lever is iree to descend and cut off steam. 
Fig. 113 shows the gear in another position, where the centre of 
the trip lever pin is not coincident 
with the centre of the valve spindle; 
and where the daahpot lever is being 
raised because of the engagement of 
the trip lever with it. 

Reverting now to Fig. UO, the 
motion of the trip levers will be 
understood. From a suitable point 

on the eccentric -rod, the lever N 

receives motion. N in turn operates 
the levers K by means of the three- 
armed lever T. The governor con- 
nects to T by means of swinging 
links, and by its position determines 
the inclination of the three-armed 
lever. The latter has a constant 
motion from the eccentric-rod, so 

that the governor does not regulate the amount, but simply the 
position of that motion. The levers are thus seen to be under 
the influence of three movements. In the first place they are 
carried round by the wrist-plate levers; the second motion ia 
derived from the levers K; whilst the governor, as before stated. 
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regulates the position of the lever T, and, consequently, the time 
at which the trip lever pin concides with the centre of the valve 
spindle. 

The lever A (Figs. Ill and 112) is so formed that in case of the 
dashpot sticking, the lever B will be forced to descend by coming 
in contact with the projecting part of the wrist-plate lever. With 
this arrangement there is no fear of the steam valve remaining open 
throughout the stroke, even if the dashpots £bA1 to act. 

Valve Diagram for Frikart Gear.— The motion of levers K 

is equivalent to that which would be derived from an eccentric set 
at right angles to the eccentric A, Figs. Ill and 112, and remem- 
bering this, it is easy to construct a diagram showing the action of 




the trip levers very clearly. In Fig. 114, the position of the 
eccentric is given by the line A B. D is the lap circle, and 
cut-off is therefore at A E. So far, the diagram is similar in every 
respect to the diagram for a slide valve, with the same lap and 
angle of advance. At right angles to A B, draw the line F G, equal 
to the travel of the trip levers due to the levers K ; and on FG 
describe the circles as shown. When the governor is revolving in 
its normal plane, the coincidence of D (Figs. Ill and 112) with 
the valve spindle occurs when the crank is at A B, and cut-off is at 
this point. Suppose the governor to fall and move the centres of 
the trip-rods a certain amount. With this amount as radius, 
describe an arc cutting the polar circles at H. Produce AH, 
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which in this instance falla on the line A E. Tripping now takes 
place at A G, the point where the valve closes hy virtue of its lap 
and movement from the wrist pUte. This is, therefore, the latest 
trip. Suppose the governor rises and moves the trip levers in the 
opposite direction. Then the intersection of the circle whose radius 
equals the amount of displacement with the polar circles indicates 
the position of ont-off. In the diagram, A J represents the displace- 
ment, and tripping is seen to be at A K.* 

Diagrams of the movement of the steam and exhanst valves are 
given hy Fig. 115; that to the left being the steam diagram, 
and the right hand the exhaust. Referring to the steam 
diagram, it is seen that full port opening is attained at 10 per 
cent, in the stroke ; a result which must h« considered very satis- 
factory. The peculiar concavity of the exhaust diagram at A 
indicates that the disposition of the wrist-plate pins and exhaust 



valve-rods is faulty, insomuch that there is a double reversal of 
stress on these parts. The diagrams owe their iiregular form to 
the presence of the wrist^plate, which modifies the motion so that 
the valve movement is no longer represented by an ellipse. 

F&reot Gear. — The Farcot gear is another example of a single 
eccentric motion giving a wide range of trip. This gear was 
illustrated and described in Engineering some time ago, and the 
following description and cuts are taken from that source. (See 
Folding plate) : — 

" The general arrangement of the valve gear is shown by Fig. 

116, while Figs. 117 to 120 represent the cutoff gear in detail. As 
will he seen from the general view, but one eccentric ia used, this 
giving motion to a wrist-plate, which is connected hy rods e to 
levers d mounted loose on the admission valve spindles (see Figs. 

117, 118, and lid). The lower part of each lever d carries a catch 
/'which is constantly drawn towards the valve spindle by a spring. 
Upon the valve spindle is keyed an arm g, which is acted upon by 
a spring tending constsntly to close the valve, and which, on the 
other side of the valve spindle, carries a steel catch plate A (Fig. 

* This dUgrara is doe to Mr. J«meB Danlop. 
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118), arranged so as to engage with the corresponding steel plate j 
carried by the catch f. It will be readily understood how by this 
arrangement the oscillation of the lever d in one direction gives an 
opening movement to the valves, while the closure of the latter 
under the pull of the spring connected to the arm g will evidently 
take place whenever the steel plates J and h are disengaged from 
each other. 

" The disengagement of the catches ^ ^ is effected, under the 
control of the governor, by an ingenious arrangement, which we 
shall now describe, and which permits of the cut-off being varied 
from zero to 80 per cent, of the stroke. In the ordinary Corliss 
gear it will be remembered that the detachment of the valve must 
take place while the latter is opening, an<i thus, if detachment has 
not taken place before the valve is fully open, the admission goes on 
to the full extent permitted by the undetached valve. In the 
Farcot gear, on the other hand, the detachment may take place on 
either the opening or closing strokes of the valve, the means 
by which it is effected being as follows: — On the boss through 
which each admission valve spindle passes, are mounted two cams 
k kfj aa shown by Figs. 117, 119, and 120; these cams being 
coupled by the links I V to one arm of a bell-crank (see Figs. 116 
and 117), the other arm of which is connected to the governor. The 
projections on these cams act upon the detent /as follows: — The 
projection of the cam k acts directly on the finger m (Fig. 120) and 
serves to lift the detent /and release the valve during the opening 
stroke of the latter, thus cutting off the steam at any point from 
zero up to about 35 per cent, of the stroke ; the cam k\ on the 
other hand, acts upon the movable finger n, and serves to release 
the valve during its closing stroke, thus cutting off the steam at 
from about 35 to 80 per cent, of the stroke. 

" Referring to Fig. 120, it will be seen that the finger n slides 
within m, and is pressed out by a spiral spring. During the open- 
ing stroke of the valve, n is pressed within m by its end coming 
into contact with an inclined surface on the cam k' giving the longer 
admissions. In this way the cam k' is prevented from interfering 
-with the action of the cam k when the engine is working with 
short steam admissions. On the other hand, when the opening move- 
ment of the valve has taken place sufficiently far, the projection on 
hf completely passes the finger w, and the latter is then forced out by 
its spring ready to engage with the projection of the cam k' during 
the return stroke of the valve. 

" The wearing parts of the gear we have been describing are of 
simple form, and are readily renewable, while, being made of hardened 
steel, the wear on them is exceedingly small. As compared with 
the Farcot gear exhibited in 1878, that now described has the ad- 
vantage that the arrangement for giving late admissions is not in 
continual use. When working with the short admissions usual with 
this claES of engine, the finger n remains projecting freely from m, 
and it is only thrust back within the latter when longer admissions 
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are required. The slopes of the cams k and k' also being very gentle, 
exceedingly little work is thrown upon the governor. 

" A special arrangement of one of the cams also prevents the 
engine from running away in the event of the governor breaking 
down, this cam shutting off the steam completely in the event of the 
governor stopping and the balls closing. It will be noticed on 
reference to our detail views that the valve spindles are without 
stuffing boxes, they simply working in well-fitting gun-metal bushes 
fitted to the bosses through which they pass." 

Features of Cylinder* — A section of the cylinder is shown by 
Fig. 121. The endeavour to reduce clearance by placing the valves 
in the covers will be noticed and appreciated. The steam-jacketing 
is a special feature of this engine ; and an inspection of the figure 
will show that the covers are also constructed to give ample space 
for boiler steam. 

A point to which exception may be taken is the double reversal 
of stress on both steam and exhaust rods and wrist-plate pins, due 
to the particular location of the latter; but this point has evidently 
been subordinated to that of keeping the dwelling angles as small 
as possible. That there is a double reversal of stress on these parts 
is apparent from the general view of the engine. 

Wheeloek Gear. — As another example of a single eccentric 
gear giving a wide range of trip, the Wheeloek gear may be cited. 
The rods which actuate the trip levers receive their motion from 
the eccentric in a similar manner to the Frikart gear. The governor 
determines the position of the motion of the tripping piece, but 
not the amount, that being constant at all times. Strictly speaking, 
the valves are not of the Corliss type, but consist of multiple-ported 
grid valves working on a flat face. This face is formed on a 'conical 
plug of special hard metal forced into suitable taper holes in the 
cylinder. The connection of the spindles with the valves is through 
the medium of a toggle joint, situated inside the valve chamber, a 
device which has the advantage of giving a rapid opening motion \ 
a good feature usually purchased at the expense of a wrist plate. 
Messrs. Daniel Adamson & Co., Dukinfield, are manufacturers of 
the Wheeloek gear. 

Conclusion. — There are numerous other varieties of trip gears, 
but as they are all pretty much on the same lines as those already 
described, it will be unnecessary to describe them. A knowledge 
of a few good and well-known types will enable the action of others 
to be understood, and their merits and demerits appreciated 
Although many makers seem resolutely to adopt one style of gear, 
and use it to the exclusion of all others, the advantage of one gear 
over another is but slight, and it may be taken that, given good 
design and workmanship, it is immaterial which gear is selected, 
because the above qualities ensure satisfactory operation to most 
types. 

Extensive as is the use of Corliss gear, it has not yet been 
employed in all cases where it would be advantageous. Marine 
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engineers, although striving in many ways to reduce weight and 
steam consumption, have so far neglected the Corliss valve, but if 
further economy is to be looked for, the Oorliss valve undoubtedly 
offers a means of attaining it ; and with the ever upward tendency 
of steam pressures its advantages will become more pronounced. 
The chief difficulty with wliich the marine engineer will have to 
contend will probably be the arranging of the gear in a compact 
and accessible position, so that the valves may be drawn out for 
inspection, without unshipping more parts than is absolutely 
necessary. Trip gear, of course, will be dispensed with, the valves 
having lap equal to a slide valve under similar conditions. Joy's 
radial valve gear, or some other similar contrivance, would perhaps 
be preferable to link motion, for reasons which will be apparent 
from a comparison of the two arrangements. 
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DOUBLE-BEAT VALVES AND MISCELLANEOUS 

GEARS. 

Contents. — Cornish Valves — ^Valve Motion for Cornish Valves — Form of 
Cams — Cornish Valves with Trip Motion — Robey's Valve Gear — Sulzer 
Valve Gear — Beadle's Valve Gear — Duplex Pump Valve Gear. 

The Cornish or Double-Beat Valve has not been extensively 

adopted in this country, except by makers of large winding and 
pumping engines ; but in a modified form it has for years been 
largely employed by Continental builders, by whom it has been 
brought to such perfection that it already compares favourably 
with the Corliss valve gear. The future practice in steam engines 
promises to utilise the double-beat valve very largely; for, with 
the revival of superheating, arises the want of a valve that has no 
rubbing action on its seat. A similar change took place in the 
design of gas engine valves some years ago. In the old engines 
the cycle of operations was controlled by slides, whereas the modern 
engines have mushroom valves. 

Dealing first with the valve proper, the object of the designer 
should be to produce a mechanism that is as short as possible, 
light, and has the least possible lift. The common form of Cornish 
valve is shown by Fig. 122. The narrower the faces or beats the 
easier is the valve kept tight, but if too narrow they soon become 
worn and require renewal. The lift necessary to give the full area 
of the lower seat is (neglecting the wings of the valve) — 



(d + d)* 



where D and d are the diameters of the lower and upper seats 
respectively. The wings or ribs which are necessary to prevent 
distortion of the valve under the steam pressure diminish the area, 
consequently a little more lift is required than is given above, but 
at the same time the area through the lower seat is considerably 
diminished by the ribs and the central boss, this should be taken 
into account from the first, and allowance made, otherwise it may 
be that t^e design may be far advanced before the insufiiciency of 
the area is first discovered. 

A = width of bar for lower seat. 
B = 2 lif t + A. 
The area of the annulus C = half the area of lower seat. 

U nless the distance between the two faces be made as short as 
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possible, the valve may be leaky, owing to the difference between 
the ezpaaai'in of the valve and the seat. The upper seating plate 
■hould be well ribbed, or the ateam preasare will deflect it, and 
leakage will ensne ; and the valve and seat should be cast of metals 
having equal ooe£G.cientB of espansiun.. With respect to the valve 
&ces the following widths have been found to give satisfaction ; — 
Valve 6 iDOhes dismetsr iDBide largest seat, | inob width of «eat. 



The angle of the faces in each case was 46°, and the width given 
is measured horizontally, hence the actual width of the seat is 
V'SW*. It will be teen on inspecting the figure that the width 



of the faces controls the differeace in the diameters of the upper 
and lower seats, and consequently the power required to lift the 
valve ofi'the seat. Were the two diameters equal, the valve would 
be in equilibrium except for its own weight, and the unbalanced 
area of the spindle, which might counterbalance each other ; but 
unless the valve were under the control of a spring it wonld be 
leakv, and the presence of any grit on the faces would seriously 
impair its working. When the difierence between the diameters 
of the two faces is, however, sufficient to give the widths above 
tueotioaed, sufGcient unbalanced preB-^ure is brought on the valve 
to keep it tight, and hammer away the small amount of foreign 
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matter that might, under the ordinary conditions of working, be 
deposited on the valve faces. 

In the next figure a more modern form of double-beat valve 
is illustrated. This is an improvement on the previous design, 
because for a given area the valve is lighter. In all valves of this 
type it is important that both valve and seat should be of the same 
metal, so as to avoid difference between the expansion of the two 
parts, otherwise there will be a continual leakage of steam. 



Fig. 128. 




By combining two double-beat valves an extremely small lift 
for a given area is obtained, a point of some importance in large 
engines where trip gear is used. Such a valve is shown in the 
annexed figure. With this type the necessity of attention to equal 
expansion is emphasised, there being four faces liable to leakage ; 
and first-class workmanship is indispensable to satisfactory working. 

A common arrangement of Cornish valve motion is shown in 
outline in Fig. 125. The position of the cams depends upon the 
desired point of cut-off. The valves, of course ^ can have no lap, 
but by placing the steam cams so that they do not lift the valve 
until the valve-rod is past its central position the same effect is 
produced as by a lap on a slide valve. If the levers and cams were 
set so that when the valve-rod was in the centre of its travel all 
the valves were just on the point of being lifted or released, the 
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resulting distribution would be similar to that given by a slide 
valve having neither steam nor exhaust lap. 

In designing the cams it is important to see that the first point 
of contact is near the fulcrum of the cam. The advantage of this 

Fig. 124. 




is twofold. It throws less strain on the valve gear, because at the 
instant of contact the valve is not in equilibrium. In the second 
place the speed of the striking part of the cam is slow, and the 
action, therefore, quiet. When the valve has been lifted it is in 
equilibrium, and as the point of contact is continually receding 
from the fulcrum of the cam, the opening is rapid ; also, on closing, 

Fig. 126. 




the valve is let down to its seat without a jar. This action will 
be better understood from Fig. 126, where the cam and lifting 
lever are shown in two positions, the first in which the valve is on 
the point of being lifted from its seat, the second in which the 
valve has attained its extreme lift. 

The Cornish valve, when adapted to a tripping arrangement, 
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forms a useful gear for large winding engines. The essential 
feature of this class of engine is that it must start rapidly and 
maintain its speed to the latest possible point in the wind. 
The gear about to be described accomplishes the desired action 
in a very effective manner. It was designed by the author 
in 1898 for a large winding engine in the Lancashire coal- 
field. In Fig. 127 the valve-rod A and the rocking-rod B 
receive motion from the eccentrics through the medium of a 
reversing motion of the straight link type. Until the maxi- 
mum speed is attained the steam is carried on for nearly the 
whole length of the stroke, but when the maximum is reached 
the governor moves the small cams into a position that brings 

Fig. 126. 





them in contact with the rising trip hook. The valve, spindle, 
stirrup, and hook are then left to fall to the closed position by 
reason of their weight, and the air cushion, which can be regulated 
by a small thumb screw, prevents the valve falling violently on its 
face. In cases where the valve is light and the pressure high, a 
spring would be necessary to close it promptly, because of the 
unbalanced area of the valve spindle and the friction of the stuffing 
box. The maximum speed being once attained, a very small 
amount of steam is sufficient to maintain it, because the load 
becomes lighter every instant, owing to the diminishing weight 
of rope on the ascending cage and the increasing weight on the 
descending rope. Tripping, of course, must take place before the 
trip hook begins to descend — that is, somewhat before half-stroke 
— as in the single eccentric Corliss gear. The indicator diagram 
from a complete wind will illustrate the action clearly. 

From the figure it appears that after about five revolutions the 
speed at which tripping occurs is obtained. For several strokes the 
speed increases, as shown by the early tripping, until, towards the 
end of the wind, a mere breath is admitted. The stop valve is then 
closed, the brakes applied, and the engine rapidly brought to rest. 
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The action of the trip may be clearly shown hj means of a 
Zeuner diagram. In the figure the clearance between the lifting 

Fig. 128. 




Line 



lever and the trip hook is drawn as a lap circle, and the lead being 
fixed upon the angle of the eccentric is known. Draw the valve 
circle, and from the centre A, with a radius equal to the distance 
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between the pallett of the catch and the cam, + clearance between 
lifting lever and trip hook, + overlap of tripping edges (D in Fig. 
127), describe an arc intersecting the valve circle.* A line drawn 

*Thi8 construction applies where the distance from the fulcrum of the 
catch to the point at which the cam strikes is equal to the distance from the 
fulcrum to the working edge of the catch. Should these be unequal the radius 
of the arc will be increased or diminished proportionally. In Fiff. 127, should 
the distance E exceed the distance F, the radius of the arc will be greater by 
the difference of these distances referred to the distance D. 
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from A through the point of intersection will show the crank 
position when disecgagement takes place. Should the arc fall 
without the valve oirole no disengagement will take place, and 
steam will be carried on nntil cut-off occurs by virtue of the clear- 
ance of the catches. 

In non-reversiag engines the gear for a double-beat valve motion 
is more conveniently arranged. A horizontal shaft driven by bevel 
or skew gear ia carried parallel to the centre line of the engine. 
On this shaft the eccentrics are placed at convenient positions. 
The best known English example of this type of gear is that 
made by Messrs. Bobey & Co., Lincoln. The arrangement will be 
followed from the accompanying figures. The method of governing 



and tripping is similar to that of an ordinary Corliss gear, and the 
range of tripping depends upon the clearance of the catches and the 
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lap of same, just as in the Corliss gear the range depends on the 
ratio of the lap of the valve to Its travel. The steam eccentrics are 
placed at an angle of 180° to each other — that is, opposite. The 
exhaust valves, it will be noticed, consist of gridiron slides at the 
bottom of the cylinder. The advantages of this arrangement are 
the exoelleat natural drainage of the cylinder and the short travel 
of the slides. As in the case of the steam valves, the exhaust 
eccentrics are set opposite to each other. Beturning to the detail 

Fig. W 



ot the trip motion (Fig. 131) the end of the eccentric rod K is 
carried by the anchor levers B, the fulcra of which are carried 
by the valve bonnet. As previously stated, the point at which 
tripping takes place depends on the depth of engagement of the 
catches, which depth can be adjusted in two ways — permanently 
by altering the set screw on the catch lever, and temporarily by 
the action of the governor on the lever F, thus altering the position 
of the lifting lever. The set screw adjustment is resorted to when 
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Miy permanent chutge in the load is made, or when a permanent 
increaae or decrease of speed is desired ; whilst the governor adjasts 
the cut-off so that the desired speed is uniform. 

On setting out the movements of this gear it will be found that 
k very small movement of the lifting lever will produce a wide 

Fig. 182. 



variation in the point of cnt-off. This means that the mechanical 
purchase between the balls of the governor and the lever P (Fig- 
131) is considerable, consequently the plucking action on the 
governor is very slight. The lifting lever is forked where it 
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engages with the valve spindle, and the movable fulcrum is 
carried in hardened slides, thus permitting the necessary hori- 
zontal movement. 

The well-known SulzOF g^eaF is one of the most interesting 
examples of drop valve gear, the latest type having several features 
of great interest. The folding plate illustrates the valve gear on 
the high-pressure cylinder of the engine exhibited at Paris in 1901. 
At first sight the gear appears to be unreasonably complicated, but 
a careful inspection of the figure will show that every part con- 
tributes to the efficiency of the gear, and nothing that is wanted 
in a high-class gear has been forgotten. A general idea of the 
action will be formed from the plate, but a thorough knowledge 
of the various movements can only be obtained by drawing down 
the centre lines and tracing their movements through a complete 
revolution. Oommencing at the lay shaft A, the eccentric-rod B 
imparts motion to the bell-crank lever C, one of whose arms 
actuates the exhaust gear, whilst the vertical arm controls the 
opening of the steam valve. The connection between this arm and 
the valve-rod D is not of a positive character, however, but arises 
through the medium of catches E. The fulcrum of the curved lever 
F G is at P, and as long as the catches are in gear the revolution 
of the valve shaft in the direction of the arrow will, until the 
eocentric-rod begins to return, drag down the valve-rod D and lift 
the steam valve. The fulcrum P also serves as an anchor for 
the catch lever. This lever likewise receives its motion from an 
eccentric, and the rod Q connected thereto receives a positive and 
constant amount, but the position of the motion is altered by the 
governor operating upon the horizontal shaft H. This portion of 
the gear resembles the Frikart gear in its action. In the drawing 
the normal position of the governor lever is shown. As the lever 
J moves nearer the vertical centre line the release of the catches 
will be delayed. On the other hand, movement in the opposite 
direction will accelerate release. 

The chief point of interest in this gear, however, lies in the 
rolling valve levers and adjustable palletts. Referring to the 
steam rolling lever K, and assuming it to be in its highest posi- 
tion, the first point of contact is close to the end of the lever, 
which means that the gear has a great leverage over the valves 
just at the moment the stress comes upon the motion. As soon as 
the valve is off its seat it is practically in equilibrium, and the 
rolling lever is then continually decreasing its purchase, thus 
imparting rapid opening to the valve at the time the piston is 
travelling at high speed. As to the pallett, it is centred on the 
pin M, and is adjustable by means of nuts on a thread. The action 
of the main dashpot will be readily followed, but the supplemental^ 
cushion spring is a refinement which Messrs. Sulzer find necessary 
to give a proper closure to the valve, and its action is peculiar. 
In the drawing the steam valve is shown full open, but it will be 
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understood that this is not its correct position in relation to the 
position of the rest of the gear, but it is so drawn in order to show 
the extremely short lift of valve. The break in the valve stem 
indicates that the valve and gear are not drawn in their true 
positions relative to one another. Returning to the cushion dash- 
pot, it will be observed that when the catches are released the main 
spring descends with the valve, at the same time lifting the vaWe 
rod D, the curved lever, and the cushion dashpot piston. There is 
no cushioning action on the main spring, but as the cushion piston 
approaches the end of the cylinder a break is brought upon the 
main spring, and as this acts at a purchase it is possible to obtain 
an exceedingly delicate adjustment Had only the main spring 
been cushioned some means would have had to be provided for 
limiting the motion of the rolling lever and the rods in connection 
with it, otherwise the descent of the main spring would jerk them 
badly, hence the break cylinders become vital parts of the gear. 
It is, of course, highly important that the regulation of the closure 
of the valves should be entirely under control ; any hammer on the 
faces would soon destroy them. 

In the exhaust gear the rolling lever and pallett are employed, 
and the valve is opened against the resistance of a spring, but there 
is no release gear or cushioning. The valve is shown full open, 
but that is not its correct position with reference to the rest of the 
gear. 

The plate is well worth close inspection. The very complete 
arrangements for lubrication are specially interesting, as well as 
the precautions against waste oil running upon the foundations. 
The lagging question has also been thoroughly thought out, and 
accounts in a large measure for the splendid appearance of the 
Sulzer engines. Another point which is worth notice is the absence 
of over-hung pins. All levers are jawed where they embrace the 
rod-ends, or else the rod-ends are jawed and embrace the* levers. 
This renders the manufacture of the moving parts costly, but 
Messrs. Sulzer ignore expense where efficiency of the gear is 
concerned. 

Beadle's Rotary Valve Gear. — The requirements of an ideal 
valve gear are perfect equilibrium, unlimited speed, and small 
clearances. The rotary valve gear made by Mr. 0. Hyde Beadle 
realises to a considerable extent these requirements, and is also 
very compact. It is most conveniently made with two cylinders, 
either compound or otherwise, with pistons half a stroke apart, or 
any other desired position. It will be convenient to illustrate and 
describe the *^ helicrank '* engine, because it embodies some features 
which render it of particular value for marine purposes, the cylin- 
ders being in axial alignment with the tail shaft. 

Referring to the accompanying figures, four views of the heli- 
crank engine are shown — a vertical section through the valve box, 
a sectional plan through the plane of the piston-rods, and two 
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end elevatiooH of the engine with the valve chest coverB removed. 
The ends of the piaton-rods A are provided with adjustable rollers 
B, which roll upon the helix 0, thereby imparting a rotary motion 








to the main shaft, and also to the valve spindle D. The valves 
consist of two revolving discs with prolonged stems, and suitable 
slots and cavities to efiect the proper distribution. The valves are 
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mounted on the spindle by means of feather keys, whereby they 
always rotate with the spindle, but, at the same time, are free end- 
ways. The faces of the stems are accurately faced, and form the 
stop which prevents the yalves from being forced against their 
faces. The force tending to press one valve to its face is exactly 
balanced by the force on the back of the other, and consequently 
the valves float, rather than rub, upon their face. The steam enters 
at F, from thence it circulates round the cylinders to the valve 
chests. The extremely short and direct ports on the cylinder will 
be noted, and also the absence of external pipes or passages. The 
exhaust passes round the prolonged stems of the valves, and 
escapes through G. 

The reversal of the rotary valve engines is a very simple matter. 
One method is that shown in the figure. The valve spindle fits 
into the helix as shown, and is driven by the peg H. The reversing 
gear is shown in the mid position, and the action of the valves is 
such that no rotation would be given to the main shaft, but when 
the reversing handle is but moved into any other position the eflect 
is to impart axial motion to the valves through the inclined slot in 
the helicrank. The effect of notching up is almost identical with 
that of notching up a link motion, only the action is more harmonic. 

As showing the easy running of these valves, it may be mentioned 
that after running six months the valves of one of these engines 
still exhibited the minute original scratches made by the scraping 
tool. In ordinary crank engines the valve spindles are driven by 
mitre or skew gear from the crank shaft in a similar manner to the 
shaft of a gas engine. Any desired sequence or angle of crank is 
accommodated by a suitable disposition of the ports leading to the 
cylinders and the design of the valves themselves. 

With crank at right angles, or with a helicrank engine with one 
piston half a stroke in advance of the other, lines joining the 
centres of the cylinders form a right-angled triangle, and one slot 
in the valve thus distributes the steam to both cylinders, and one 
recess controls the exhaust. 

Duplex Pump Valve Gear.— Fig. 136 shows a section through 
one of the steam cylinders of a duplex pump. The general arrange- 
ment of this type of pump is well known. There are two distinct 
and independent cylinders placed opposite and in axial alignment 
with two pumps, and the piston-rod of each cylinder is coupled 
directly to the pump-rod. The valve gear of one cylinder is 
operated from the crosshead of the other. There are two ports 
in each end of the cylinder, of which the outer ports B are pro- 
vided for the entering steam, and the inner ports A for the exhaust. 
When in central position the valve exactly covers the two ports as 
shown in the illustration. The travel of the valve should not be 
less than twice the width of one port, and it is often convenient to 
make it greater. The peculiarity in the connection of the spindle 
to the valve will be noticed. The nuts are adjusted so that there 
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Fig. 186. 



is an amount of lost motion between the spindle and the valve, 
and in arranging the valve levers this must be taken into account. 
It is impossible, however, to pre- 
determine the exact amount of 
this lost motion, hence it is the 
usual practice to provide for ad- 
justment by an extension of the 
screwed part of the spindle. 
Usually the total amount of lost 
motion varies from \ inch for 
pumps with steam cylinders of 
4 inches diameter to ^ inch in 
cylinders 24 inches diameter and 
upwards. The effect of having 
too much lost motion is to give 
a long stroke to the piston, and 
since there is no mechanical limit 
to the stroke except that pro- 
vided by the cylinder covers, the 
piston may strike. Too little lost 
motion gives short strokes, which 
diminishes the delivery of the 
plungers. As the piston ap- 
proaches the end of the stroke the 
inner port is blocked up, and the 
steam remaining in the cylinder 
at the front of the advancing piston 
forms a cushion, which brings it 
gently to rest. Sometimes cushion valves EE are provided, by 
adjusting which the motion of the piston may be further controlled. 
From the foregoing it will be understood that the arrangement of 
the cylinder end must differ from an ordinary cylinder. In the 
first place, the bell-mouth must not extend past the inner edge of 
the steam port, otherwise cushioning cannot be efficient, because 
there would be leakage through to the exhaust port The ports 
should also be arranged as shown in the figure, and not recessed 
into the cover as is common practice in ordinary cylinders, other- 
wise it will be difficult to obtain proper cushioning, because the 
piston would strike the covers almost immediately after the inner, 
port was blocked by the piston, aud until the port has been covered 
cushioning cannot begin. 

Passing on to the design of the valve levers, each valve has to 
effect the same travel. The cross-shafts are usually arranged above 
each other, and, therefore, vary according to ihe lengths of the 
levers, but the movement of each extremity must be equal to that 
of the other, and the proportion or ratio between the valve lever 
and crosshead lever must be the same in each case. Another point 
to observe is that the length of the shortest valve lever is sufficient 
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to allow of the connecting link to the valve spindle clearing the 
onwB ihaft. Beferring to the diagram (Fig. 136), the stroke of the 
oroBshead is from F to D, and ia a known quantity. The travel of 
the valve spindle B O can alio be ascertained. The minimum 
distance A is fixed by the detail of the connecting link tuid the 
sise of the cross abaft. From B or G draw a line through £ cutting 
the verticals indicating the length of the stroke. The point of 
intersection indicates the position on the crosahead where the con- 
nection to the croishead lever must be made, and also the length 

fig. tae. 

I I 



of the lever. Should the position be incouvemently high, a lower 
point may be selected and the distance A left to find itself. A 
higher point mnst not be chosen if A has already been made a 
minimum. Having determined the proportions of one crosshead 
and valve lever, draw lines from F or D through B or G, and the 
point where they intersect the vertical line ie the proper centre of 
the cross shaft. FB or DH is the length of the crossbead lever, 
and B H or G H the length of the valve lever, and the two valve 
travels are the same. 

Sometimes the lost motion adjustment is outside the steam chest, 
especially in the case of large sizes. This enables the working of 
the pumps to be adjusted under steam. 
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Principle of, 104. 
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BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Constraction of Bridges in 

Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CE., 

Pro£ of Engineering, Unirenity College, Dundee. 



GENERAL CONTENTS. 



Part I. — Elementary Statics: — Definitions— The Opposition and 
Balance of Forces — Bending Strain — The Graphic Representation of Bending 
Moments. 

Part II, — General Principles of Bridge-Construction: — ^The 
Comparative Anatomy of Bridges — Combined or Composite Bridges — 
Theoretical Weight of Bridges— On Deflection, or the Curve of a Bended 
Qlrder — Continuous Girders. 

Part III. — The Strength of Materials :— Theoretical Strength of 
Columns — Design and Construction of Struts — Strength and Construction of 
Ties— Working Strength of Iron and Steel, and the Working Stress in 
Bridges — Wohler*s Eicperiments. 

Part IV. — The Design of Bridges in Detail:— The Load on. 
Bridges — Calculation of Stresses due to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight of Metal — Parabolic Girders, Polygonal 
Trusses, and Curved Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Construction — Bowstring Girders used as Arches or as 
Suspension Bridges — Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — The Niagara Bridge — ^The Forth Bridge — 
Wind- Pressure and Wind-Bracing : Modem Experiments. 

"The new edition of Mr. Fidler's work will again occupy the same cx>N- 
spiouous POSITION among professional text-books and treatises as has been 
accorded to its predecessors. The instruction imparted is sound, simple, 
AND FULL. The volume will be found valuable and useful alike to those who 
may wish to study only the theoretical priDciples enunciated, and . . . 
to others "whose object and business is . . . practical." — Tlve Engineer. 

"Mr. Fidleb's bitooebs arises from the combination of expekixnoi and 
gnfTLioiTT OF trkatmrnt display-ed on every page. . . . Theory is kept in 
mbordination to Practice, ana his book is, therefore, as useful to giider-makera 
M to students of Bndge Construction." — The Architect, 

*' An nffDisPSKBABLS HANDBOOK f Or the praotioal Engineer."- JTaturc 
LONDON: CHARLES GRIFFIN d CO.. LIMITED. EXETER STREET, STRAND. 



«8 0HARLB8 QMIWFIN A CQ:S PUBLICATIONS. 



Works by BRTAN DONKIN, ][.Inst.C.E., ILInstHeehJS^ fte. 

Third EDtnoM, Reviied aad Ealarged. With addidomil 
Illttftnitions. Large Svo, Handsome Cloth. 25s. 

GAS, OIL, AND AIR ENGINES: 

A Firaetfeal Text -Book on Internal Combnition Motras 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Obmskal Comtskts.— tias Bnfflliac :— General Description— Hutorr and Develop 
British, French, and Genoan Gat Knfin— Gas FroductioB lor Madm P01 



Thaorj af the Gas KngiBe— Chenical Coatpositioa of Gaa in Gas Baginaa—UdiiaatioB of 
Beat— Explosion and Combustion. Oil MOtOFl :— Histonr and Developinaiit^VazlQas 
T^pas—Pneatman's and other Oil Xnginea. Hot-AIr BncUM^-Histoiy and Deralop- 
•Various Types: StirUsff's, Ericsson's, &&, ftc 

The aasT book kow ruaLXSRBD on Gaa, Oil, and Air Sagines. . . . WiU be.oC 



▼sav ORBA.T iNTBRBST to the numerous practica] encineers who hare to make themsel' 
CunUtar with the motor of the day. . . . Mr. I>onkin has the advantage of loirs 
eaACTicAL BXPBXiBNCB, Combined mti high scibntific and xxpbbimbntal kmowlbdoi^ 
and an accurate perception of dka nnniraMsnfi of EBginears.*— TVk^ EtigmMr^ 

*'We HBABTILV xacoMMBND ifr. DonUtt's work. ... A monument of canAsI 



"AAo r a n gbly kbliablb aad bxhaustitb Traatiaa."^£MfWMriiv 



Ia Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAKD, BIARINB:, AND LOCOMOTIVS). 

With many Tests and Experiments on different Types of 

Boilers* as to the Heating Value of Fuels, A^e., with 

Analyses of Gases and Amount of Evaporation. 

and Suggestions for the Testing of Boilers. 

Bt BRYAN DONKIN, M.Inst.C.E. 

Gbmskal Contents.— Classification of different Types of Boikis — 
^425 Elxperiments on English and Foreign Boilers with their Heat Effieiwicitt 
vihown m Fifly Tables— Fire Grates of Various Types — Mechanical Stokers- 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
'.«ad their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
< 4^*— Smoke and its Prevention — Instruments used in Testing Boilers — 
Manae and Locomotive Boilers — Fuel Testing Stations — Discussion of tiie 
'Trials and Conclusions — On the Choice of a Boiler, and Testing of Laad, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during recent years^ 
and the best Modem Practice, 

**A woax or BBnunroB at FaaanvT TWi^iis. Will give an aaawer to almoat aay 

^nestion connected with the performance of boilers that it is possible to ask."— J7n«fiaafr. 

** Probably the host szHAuarrni r$mmi that has ever been oolleeted. A tmmkkal 
Book by a thoroughly pr&etloal man.**— 7ron and Coal Tradu Retiew. 

lONOOH: CHARLES QRIFFIN ft CO.. LIMITED, EXETER STREET. STRMM. 



MSOINSSBINQ ASD MMOBdNIOg, 



Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
A HunMOK or Bnuta, Fduidi^ Tabub, &o., Kcum n> U^T^tum 



SoureuHos, AMD Pbjiwuwh. Sat^tt Taltm, Stbdhh, 

F^mroa avd Monvmrofl,' to, • 

fOR THE USE OF ENGINEEES, SURVEYORS, BMLER-MAKEES, 

ASD STEAM USERS. 

Bt T. W. TRAILL, M.Iott.O.E., r.E.E.N, 

*s* To TO* Sboomo and Third Editions uaiii Nnr Tabi.jh for Pbxbbdbe, 
np to 200 Lbb. per Squabi Ihcb hkve beea added. 
"fftmoiTTLiDAUxwoBKanBallaTmE'abUiludliiEB^knd.''— -AUPFfiHr IPcrU^ 
A inev tmf t)t toihDh ^ . ^ HppJjintlufDrauitloD to be hitd nowban ■!».'— I^Jii tf liMi \ 



TUnJ Impre*«ia7i. Large Crown Svo. With DiuaerDaa lUutntfoni. 6a. 

ENGINE-ROOM PRACTICE: 

A Handbook for Ea^neers and Offloers in the Rojal Ifavy 

and Mereantlle Marine, Including the ManageAwnt 

of the Main and Auxiliary Engines on 

Board Ship. 
Bt JOHN G. LJVERSIDGE, 

IncfDMr, B.N., A.1LI.C.B., iDStnctoi Id AppUad HccbuiiM kt Ui* KoT«I Smi 
CcMegt, Qnaowlali. 



In Orovm Svo, txtra, with IfvnteroHt BbulrmlioiM. [fflkort^. 

GAS AND OIL ENGINES: 

An Introductory Text-Book on tlie Theoiy, Dealjfn, ConBtractlon, 

Rnd Tasting of Internal Combastion fin^nas witJiOBt Boiler. 

rOR TBX nSB OF STUBBITTS. 

By Prof. W. H. WATKINSON, Whit. Soh., lUNn.MwiHjE., 

Olucow ud Wttt ol SooUiDd TschDleal CMIsg*. 

IIIIIDIIII : I»MIE8 SRIFFIH t CO., UIIITED, EXETEB STREET, STIHIIII. 



30 CHABLU OltlFFIK S CO/S PUBLICATIONS. 

SioovD EDmoN, Reviled. With numerotu Fktes reduced froae 
Workiiig Dnwinge end 2M lUvetzmtioiie in the Textw 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Pmetieal Text-Book for the Use of Engine Builders, 

Destgners and Draaflrhtsmen, Bulway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Beotion on American and Continental EngineSb 

By ALBERT F. RAVENSHBAR, RSa, 

Of ffiB MaJattT't Fatont Offite. 

GmImI*. — Hittorieal Introdnetioo. 179S-1868. — Modern LooomotlTM: Simple.— 
ModKB Loeomottvet: Oompomid. •> Primary Conalderfttloa in LooomotiTe Dealgn.— 
CyUeden, SteMO Oheeta, ftnd Stofltatflr Bozee.— Pietoni, Piston Rods, Croeah6«d^ voA 
auda But.— Oonaectincand Coapling Soda.— Wtteeli and Axlea, Axle Boxea, Honibloek% 
•ad Bearing 8prlnga.--mlaD0iiif;.— TaJTe Gear.— Slide Valvea and Valve eear Detalla.— 
rrmmlng, Bogifle and Axle Tmeka, Badial Axle Boxea.— Boilers.— Smokebox* Blaat Pipe; 
Virebox rit^igs.— Boiler Mountings.— Tendera.- Bailway Brakea.— Lubrication.— Oou- 
•amption of FoeU KTaporatlon and Engine Effloienoy.— American LocomotiTea.— Con- 
tinental LooomotiTeaL— Bapeira, Banning, Inspection, and Benewala.- Three Appendloea. 



"Likely to remain for many yean the Staivaxd Wosx for those wishing to lean» 
I>6alcn.**«»iffff0<nMr. 

** A moatlntereating and Taloable addition to the bibliography of the LooomotiTe.''— 
Bitttway Official QatttU. 

** we reoommend the book as TBOXorRHLT pbactical in its character, and lOiXTnia a 
ffLAOB IV AiTT ooLLBcnov of . . . works on Locomotl TO Engineering:"— iKatfwuf JTMft. 

**The work oottjjhb au, that cah bb lxabmt from a book upon auch a subject l\ 
win et once rank aa tbb stabimlbd wobx cpom tbxs dipobtaiit subject. *'— AaiZifOf . 



In Large Svo. Handacme Cloth, WUh Pieces and JlluBtraiimu, 169, 

AT HOME AND ABROAD. 

By WILLIAM HENRY COLE, M.Inst.O.E, 

LateDepaty-Manager, North-Western Railway, India. 

Contmt8.—T>iBcuBm.on of the Term '*Li^ht Railways.'*— Engliali Railways^ 
Bates, and Farmers. — Light Railways m Belgium, France, Italv, other 
European Countries, America and the Colonies, India, Ireland.— Road Trans- 
port as an altematiye. — The Light Railways Act, 1896. — The Question of 
Gange. — Constmction and Working. — Locomotives and Rolling-Stock.— Li^t 
Railways in Englimd, Scotland, and Wales.— Appendices and Index. 

*'llr. W. H. Oole has brought together ... a labqb AiioinrT of yaiajablb mfomkr 
BOV . . . hitherto practically inaccessible to the ordinary reader.'*— TVme*. 

" Will remain, for some time yet, a Stabdabd Wobk in everything relating to light 
Baaways."»Jhi^fMtr. 

** Ine anthor has extended praetieal expecienee that makes the book Ineid and nsefnl. 

It Is BXCBBDOiaLT WCU dOUC. "— /Ffl^fMeHfl^. 

** The whole snbleot is bxhatjstivklt and nuoncALLX considered. The work can be 
eordially recommended as nrpisraHSABLx to those whose duty it is to become imqaalntfl 
with one of the prime necessities of the immediate future."— Aa^jisay Official GoMtlU. 

^ Thxbb oould bb vo bbttbb book of first reference on its snbject. All oIimbs of 
Sngiaeers will welcome its appearance."— ^Scotinum. 

UNDON : CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET, STRAND. 



MNQZNEJBBINQ AND ME0EANI08. 3> 

TiiiHD Edition, Revfeed and Enlarged. With Numerovs 

Jllvstr€Uion$, Price 8s, OcL 

VALVES AND VALVE-GEARING: 

INCLJJDINQ THE CORLISS VALVE AND 

TRIP GEARS. 

BY 

CHARLES HURST, Practical Draughtsman. 

Covan ezpIaaatioiM illuctrated by 116 vbbt clbab diao&ams and dmringi and 4 foldln#> 
. . . tnebookfttlfllBavALUABLBftinction.''— ul(fc«fU0um. 



"Mb. Hubbt'8 TJLLTB8 and TALTB-eBABiHO Will prove a Terr Talaable aid, and tend to the 
pvodnetion of Engines of soiiHTiric DBBiaN and BCOKOMicALWOBKiHO. . . . WiUbehii^iy 
wucfat after by Students and DMigners."— Iforiii* Kuffineer. 

** VnwuL and thobouohlt pbaotioal. Will nndoabtodly be found of gbiat talub to 
bU oonoemed with the design of VaXy^-gMxing,**— Mechanical World. 

** Almost XTBBT TTTB of YALYB and its gearing is clearly set forth, and illostrBted ia 
Boeh ft way as to be bsaoilt uir dbbstood and practicallt apfued by either the Engineer, 
Draoghtsman, or Stadent . . . Should prove both useful and valuablb to all Engineer* 
•eeUng for bxuablb and clbab information on the subject. Its moderate price brings it 
within the reach of tJl** ^Industries and Iron. 

** Mr. HuBn's work is adiobablt saitod to the needs of the praotlc&l mechanle. . . . 
II Is ftree from any eUborato theoretloftl discussions, and the explanations of the TariouB 
tfMs of TftWe-gear are aooompanied by diagrams wmoh render them basxlt uvdbbivoox).'* 
— f%c aeimUifk Amsrium, 



In Paper Boards, 8vo., Cloth Back. Prioe l8. 6d. net. 

HINTS ON 

Steam Engine Design and Gonstrnction, 

AUTHOB or "VALVKS AMD VALTB GBABIKO.*' 

WITH NUMEROUS i LLUSTRATION S. 

CONTENTS. 



I. Steam Pipes. 

11. Valyes. 
m. Cylinders. 
IT. Air Pamps and Condensers. 

V. Motion Work. 



VI. Crank Shafts and Pedestalsr 
VII. Valve Gear. 
VIII. Lubrication. 
IX. Miscellaneous Details. 
Index. 



A handy yolume which eyery practical yoaag engineer should possess.**— TAe Modtf 



LOHDON: CHARLES GRIFFIN i CO.. LIMITED. EXETER STREET, STRANa 



$2 CHARLSa GRIFFIN 4e <JO:S PUBLICATIONS. 

Large 8yo, Haadsome Cloth. With IlluBirations, TablM» fto. 21s. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

▲KD OK THS 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
Bt LEOXARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to the Midland Ballway Compan7t 
▲KD 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

MidlAnd RallwAsr Loeomottre Works' Kaoager, Derbj. 

(/0HTiirT6.^I. Friciloii of 8olicbL— IL Liquid Friction or Viscosity, and FImMc 
IMction.— m. Superficial Teotion.— IV. Thm Theory of LabricatioL— V. TflWcanU, 
tbeir Sooicm, Prepftntion, and PropertiM.— YI. Physical ProjpertiM and ICethoda of 
Bxamination of Lobricanta.— VII. Chemical Propertiea and Methods of Bzaminatloii 
of Lobricanta.— VIIL The Syatematic Testing of Labricants by Physical and Chemleal 
Methoda.~IX. The Mechanical Testing of Lubricants.— X« Tlia Dettffti and Lnbrioatfcm 
of Bearings.— XL The Lubrication of Machinery.— Ispxx. 

" Destined to become a clasbio on the subject."— ItufiotriM wnd Ircn. 
" Oootains pnctically all that is KKOWir on the subject. Dsssrres tiM owifai 
attsatloo of all Kngineeis."— JiaaiMiy OJknuri Quidi, 



Fourth EDRioir. VtryfvUy Hhutroted, C^oih, is. 6d» 

STEAM - BOILERS: 

TKBIB DSFECTS, MAHAQEMBNT, AKD OONSTBUOTZOM. 

Bt R D. MUNRO, 

CAhT Engineer of the Scottith BoUer Ineuranee and Engine In^^ettion Compemj, 

GcKaaAL Contents.- L Explosions caused (z) b^r Overheating of Plates— <•) By 
Defective and Overloaded Safety Valves— (3) By Corrosion, Internal or £xtenialW4) By 
^Defective Design and Construction (Unsupported Flue Tubes : Unstrengthened Manholes : 
Defective Staying; Strength of Rivetted Joints; Factor of Safety)— II. Construction or 
Vertical Boilers: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Qeaning — Table of Bursdag 
IVessures of Steel Boilers — Table of Rivetted Joints — Specifications and Drawings of 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (3) aoo lbs. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam BoilcfSi oui^ 
<o be carefully studied, and always at hand."— C«i/. (HMndEww. 

" The book is vbrv useful, especially to steam users, artisans, and'young 



Br TRK SAMK Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their OccBirenca. A Practioil Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

tOMDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAHO. 



MKaiKMMRma and MWOBAmOB. ss 

Just Out. In CnnvH $vo^ Handsome Cloth. With Numerout 

lUustraiions, 

EMERT GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding, 

and the Design, Construction, and Application 

of the Machines Employed. 

BY 

R. B. HODGSON, A.M.Inst.Mech.K, 

Author of " Machines and Tools Employed in the Working of Sheet Metals." 

Introduction.— Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
— Emery Rings and Cylinders. — Conditions to Ensure EflScient Working. — 
L.eading Types of Machines. — Concave and Convex Grinding. — ^Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool GrindiQg. — Lathe 
•Centre Grinder. — Polishing. — Index. 



Fifth Edition. Folio, ttroBgly half-bound, ai/. 

TRA.VERSE TABLES: 

CSomputed to Four Places of Deelmals for every Minute 

of Ansrle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Aifthorised Surveyor for the GoTemments of New South WaIm tad 

Victoria. 

**«* J^Hshfd with the C§n€urreHce §f the Surveyort'GmtertU for Nem Sfuth 

WdUs and Victoria, 

**Thom who httw «spatieiiM in exact SuKTsr-wosK will bett know htm to apprtdate 
<(ka ittmtnii aflioant of Idbovr wpnauind \gf this TalnaMa book. Tha computalions 
liable the uaer to aacextain tha Moat and coainw for a ditfaiMTa of twelve milea to within 
lialf an inch, and this sv aannsirca to but Omx Tablb. in place ot the usual Fifteen 
inittute oompotations reqvirad. This atone is evidflaoe of the a»ti«raiic«t which tha Tables 
•ensure to. every user, and as evsty Sunrvfor in acdve practice has fek the want of sudi 
assistance fbw knowing ov thvir publication wiu. aaMAiN without ticbm." 



lONDOM : CHARLES GRIFFIN k CO., LIMITED, EXETER STREET. STRAND. 
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WORKS BY 

ANDREW JAMIESON. MJnst.C.E., M.I.E.E., F.R.S.E^ 

F^rmtrljf Pr^tsscr of Electrical En^tuerino, Tht Glatiow amd West of Scot Una 

Technical College. 



PB0FES80B JAMIESON'S ADVANCED TEXTBOOKS. 

In Largt Crown 8m. Fully IUnstrat€<L 

STEAM AND STEAM-ENGINES (A Text-Book oxr). 

For the Use of Students prep«uring for Competitive Ey a min a tio na. 
With 600 pp., over 200 Illustrations, 6 Folding Plates, and numerous 
Examination Papers. Thirteenth Edition, Revised. 8/6. 
"Pkotesor Jumcioii laacuuttes th« reader bv Hte ctXAaimi op coNomoM an]> 
MMffUanr or bxprusion. His treatment recalls um lecturing of Faraday."—^ the nmwm , 
*' llie BssT Book yet published for the use (^ StudenU.**— J?«/UM»r. 

MAGNETISM AND ELECTRICITY (An Advaneed Text- 
Book on). For Advanced and *' Honours " Students. By Prof. Jamieson, 
assisted by David Robertson, B.Sc, Professor of 1-lIectrical Engineering ir> 
the Merchant Venturers' Technical College, Bristol. [SAorlfy. 

APPUED MECHANICS (An Advanced Text-Book oq). 

Vol. I.— Comprising Part I.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. Third Edition. 

"Fully maimtains the reputation of the Author.**— PnKi. Bntineer. 

VoL II.-— Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. 8s. 6d. 

•*W«LL AND LUCIDLY WRiTTKN."— rA* Engineer. 

%* £acM of the aboT*e volumes is complete in itself, ''(^ '^^ separate^. 

PROFESSOR JAMIESON'S INTRODUGTOBT MANUALS. 

Crown %vo. With lUustraHons and ExaminaHon Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Ninth Edition, Revised. 3/6. 
" Should be in the hands of bvbry engineering apprentice.** — Practical Enginoer. 

lGNETISM and ELECTRICITY (Elementary Manual 

oO. For First-Year Students. Fifth Edition. 3/6. 

^ ** A CAPITAL TBXT-BOOK . . . The diagrams are an important feature"— %S'cA«0/MMMilfr. 
" A THOROUGHLY TRUSTWORTHY Text-boolc. PRACTICAL and dear." — Nature. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Fifth Edition, 
Revised. 3/6. 
**The work has vkry high qualitibs, which may be condensed into the one won} 
* clbak.' "Science and A rt. 

In Preparation. 300 fa^^rs. Crown Svo. Profusely Illustrated, 

MODERN .Electric Tramway Traction : 

A Text-Book of Present-Day Practice. 

For the Use 0/ Electrical Engineering Students and those interested in Electric 

Transmission 0/ Poioer. 

By Pbof. ANDREW JAMIESON. 



A POCKET-ROOK of ELECTRICAL RULES and TARLES. 

For the Use of Electricians and Engineers. Pocket Size. Leather, 
8s. 6d. Sixteenth Edition. [See p. 49. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY 

f. J. HAGQUORN RANKINE, LL.D., F.R.S.» 

ImU /ftgluM Prcf9$$or «f doll Enginetriag in th9 Unlo^nHy of Qiatgom. 

THOSOUGHLY HEYISSD BT 

^W. J. MIL LAB, C.E., 

£«t« 9*ertttuy to th§ /natituU cf Engimeon and Shipbulldtn In SeoUand. 



A MANUAL OF APPLIED MECHANICS: 

Oomprudng the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous 
Crown 8yo, cloth. Sixteenth Edition. 12isi. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Hoads, Kailways, Canals, Eivera, Waterworks^ 
Harbours, &c. With Numerous Tables and Illustrations. Crowa Sto 
eloth. Twenty-First Edition. 168. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &o. Dlustrated with nearly 300 Woodoati. 
Crown 8vo, cloth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Aib Engines, by Bbyan DosKiir, 
M.InatC.E. With Folding Plates and Numerous Illnstratioai. 
Crown 8vo, cloth. Fitieenxh EDnioN. 128. 6d. 

lONOON : CHARLES GRIFFIN & CO., UNITED. EXETER STREET, STRANO. 
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USEFUL RULES AND TABLES : 

for AiohilteH Boilden, EnginMn, Fo«iider% MeohMiioi^ Shipballdtn* 
Sorveyon, kc. With Appumix for the use of Eubctbigal EKanrsuuk 
By Professor Jamhsqk, F.R.S.E. Sktxkth Ebitiok. lOi. 6dL 



A MECHANICAL TEXT-BOOK: 

▲ Pnoiioftl and Simple Introdnotion to the Stady of Meohanioe. By 
Professor BAmoNS and B. F. Bambkb, C.E. With Nnmersus lUi 
trations. Crown 8vo, cloth. Fifth Edition. Qs. 

%* tht "Mbchasioal T>xt-Boox** wot dmifmd bif Proflntor B4nnn «f «i 
ft th$ ab999 Strim •f Mmmmli, 



MISCELLANEOUS SCIENTIFIC PAPEBS. 

Royal 8yo. Clotii, 31b. 6d« 

FlartL Papers relating to Temperature, Elasticity, and ExpaanoB of 
Yaponrs, Liquids, and Solids. Part 11. Papers on Energy and its Xnysyi- 
foffinations. Part m. Papers on Wave-Forms, Propulsion of Vessels, ko. 

With Memoir by Professor Tait, M.A. Edited by W. J. Milejib, CIL 
With fine Pwttrait on Steel, Plates, and IHagrama. 



** No Bore enduriiic MoBorial of PnfinMMr lUaldne coald be derind than tho 
«rtlMM payan in an accanibk fctm. . . . The Colkctiai m 

off tha aainra off hit diaeaforiaa, aad tfcabaaatyMtd comptetaaaw of hia 

. . . Tlie YoloBM OKceeda m iapoMasoa aay trarie m tika aaoM 

bk mat ^mm.'^Arc^tUci. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, CoastantiBopk) : 

THE MECHANICS GUmE : A Hand-Book lor EnginMn 
AitJaas. With Copkim Tables and Valaahle RedpcB for Pnctkal U 

lOIDOl: CHARLES GBimH * CO^ UMITED^ EXETER STREET. STRANa 



§JiQIN»MRINa AND MMOHANIOB. 37 

1% Larpt 9vo^ Handiome Cloth. IVith FrofUUpiecef Mero^ FlaUa, 

and over 250 IllustrcUiofu, 2ls, 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With PraetMl Illnsintioiui of Evginxs and Pumps applied to Mnri]i«^ 

Town Wateb Supply, Dkainags of Lands, &c., alio Economy 

and Efficioncj Trials of Pumping Machinery. 

By henry DAVEY, 

Mflmber of the lastltntion of CiTil Engineen>, Member of the Instltation of 

Moehanioal EngiiMW*, F.G.S., Ao. 

Contents — Early History of Pumping En^es — Steam Pumping Engines — 
Pomps and Pump Valves — General Principles of Non-Botatiye Pmnpin^ 
Engines — The Cornish Engine, Simple and Compound — Types of Mining 
Engines — Pit Work — Shaft Sinkinff — Hydraulic Transmission of Power ia 
Mines — ^Valve Gears of Pumping Engines — Water Pressure Pumping Engine» 
— ^Water Works Engines — Pumping Engine Economy and Trials of Pumping 
Machinery — Centruugai and other iLow-Lift Pumps — Hydraulic Kams, 
Pumping Mains, ^— Indbx. 

"By the 'one English Engineer who probably knows more about Pumping Machinery 
than AifT enon.* . . . ▲ tolvmb bboodino im aasoLis or loho BxnMSoNB ▲hi> 
■ftUDT."— T7i« Engiwer, 

** Undoubtedly TBB BIST Aim kost ntACncAL tsxatisb on Pumping Machinery that ha» 
TST BBBV rwuaBM».^''^Mining /<mnuU, 



SBOOJfD BDITIOJV, Revised and Enlarged. 
In Large 8vo, Handsome cloth, 34^. 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.GS, 

vaixow or UNcfs coujmsb, lowdon ; pkot. or cnru. Bwaiiiaiiiiy^ 

KIMO'S COLUPCac, BTC., BTC 

Utttb nttmcfOttfl TRIoaDciitd, anD Sliti^'nlne plate«» 

" A Beck of great Profwrinnal UsefehMM.**— /rwt. 

lONDOH : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANDi 



3S OHARLMB QJUFFIJf 4 OQJB PUBIdOATlOIga. 



M9tal 8mk Hmtitmf Cl9». With numtrout Ulustmtlong and JabI—. 269. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.CB., F.RS., M.P.,. 

or THB ninniAL oxosss ov rr. rrAMiLAUs or muiiia; nuuicu jomnk or 
austua; mbdjidw or tuucky: and xisimo sun or jatam; vic»- 

ntBSIDXNT or THB INSTITUTION Or MAVAX. ARCHITBCTS. 

Ib Older to reader the work complete for the paxpoeet of the Shipbuilder, n h ethe r fll 

le or afacoed, the Methods of Celculatioa introduced by Mr. F. K. Baucss. Mr. Gbat, 

M. Rkbch, M. Daymakd, and Mr. Bbnjamin, are all given separatel]r> tUustratad bjr 
Ijafales and woriced-out examples. The book contains bmco than aoo Diagrams, aad m 
■■strated by a larre number of actual cases, derived from ships of all descriptioiis. 

^ Sir Edwaxo Rbbd's * Stabiuty or i>RiPS ' is intaloablb. The Natal Abch 
win find brought togetner and ready to hu hand, a mass of informatioB which he would 
wise have to seek in an almost endless variety of publications, and some of which he 
pomibly not be able to obtain at all elsewhere. * - mtttrntki^ . 



THE DESIGN AND CONSTBUGTION OF SHIPS. By John 
Harvard Bilks, M.Inst.N.A., Professor of Naval Architcciure in the 
University of Glasgow. [In Preparation. 



Second Edition. lUastrated with Plates, Numerous Diagrams, and 

Figures in the Text. 1 8s. net 

STEEL SHIPS! 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Sliip SuperintendenU, Students, 

and Marine Engineers, 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP.** 

Contexts. — I. Manufacture of Cast Iron. Wrought Iron, and Steel. — Com- 
position of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Tvpe of Vessel. — FraminR 
of Ships. IV. Strains experienced by Shii)s.— Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — ^Alternative Modes 
of Construction.— Types ot Vessels.— Turret, Self Trimming, and TruiJc 
Steamers. &c. — ^Rivets and Eivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulla of 
Ships. — Cement, Paint, &c.— Index. 

^* So thoroueh and well written is every chapter in the book that it i-t (11.11 cult to select 
•ny of them as being worthy of exceptional praise. Altogether, the work is excellent, aad 
will prove of threat value to those for whom it is intended."— TAc Engineer. 

*' Mr. Walton hAR written for the profession of which he Is an ornament. His work 
•will beri^ad and npp ociat-^d. no donbt, by every M.I.N.A., and with great benefit bytbe 
maj >rity of them. '—Journal of Cotninerce. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

OBIFFIN'S ELECTBICAIi PBICE-BOOK : For Electrical, CivU, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Elsctrical Prics-Book rkmovbs all mystery about the cost of Eleetrical 
Fewer. By its aid the kxpsnsk that will be entailed by utilising electricity oa a larg* m 
■mail scale can be discovered.'* — Archiiect, 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLACKMORB, 

IfMter Mariner, First Claas Trinity House Certiflcttb, Aasoa Init. N.A. ; 

AND Wrutsn, mainlt, by Sailors for Sailobs. 



"This admirable series."— Fairp^ay. "A tert useful series."— JTatuiv. 

"The Tolumes of Messrs. Griffin's Nautical Series may well and profitably be 
cead by all interested in our national maritimk proorbss."— ifan'ne JBngineer, 

"Evert Ship should have the whole Series as a Rbferenob Librart. Hand- 
SOMBLT BOUND, GLEARLT PRINTED and iLLvgrcKAXED."— Liverpool Joum. of Convmeroe, 

The British Mercantile Marine: An Historical Sketch of its Kiso 

and Development. By the Editor, Capt. Blaokmore. 8b. 6d. 

" Captain Blackmore's SPLENDID BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 248 pages of this book are the most VALU- 
ABLE to the sea captain that have ever been compiled."— ifsrcAont Serviae lieview. 

Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
F.KS.E., F.R.G.S. With numerous Plates, two in Colours, and Trontispieoe. 
Third Edition, Thoroughly Bevised, Enlarged, and Ee-set. With additional 
Illustrations. 68. 
"This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the 'Worcester/ 

to us PERFEOILT DESIGNED."— ^tA^msUftl. 



Know Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Arohiteot 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Sixth Edition, Revised. 7s. 6d. 
"Mr. Walton's book will be found vert useful."— TA« Engineer, 

Navigration : Theoretical and Practical. By D. Wilson-Babkeb, 

Master Mariner, (6c., and William Allinoham. 8s. 6a. 

"Preciselt the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— Dunctoe Advertiier. 



Marine MeteorolO^: For Officers of the Merchant Navy. Bv 
William Allinoham, First Class Honours, Navigation, Science and Art Department. 
With Illustrations, Maps, and Diagrams, and faetimHe reproduction of 1(^ page. 
7s. 6d. 
" Quite the best publication on this subject."— ^S^ti^ptn^ Gazette. 

Latitude and Longitude : How to find them. By W. J. Millab, 

O.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. Second 

Edition, Revised. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— Jf ariiM Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.S.A.S. Second Edition, Bevised. 8s. 6d. 
" Well worth the money . . . exceedinolt helpful."— 'SAtjTpin^ ITorjd. 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
. Thames Nautical Training College, H.M.S. " Worcester." Second Edition, Bevised. 
Price 8b. dd. 
"This eminently practical and reliable yo\ume."—Se?ioolmatter. 



Practical Algebra. By Rich. C. Buck. Companion Volume to the 

above, for Sauors and others. Price 3s. 6d. 

" It is just the book for the young sailor mindful of progress. —Nafutieal Magagtne. 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsburo, 

M.A., LL.D., of the Inner Temple and Northern Circuit ; Barrister-at-Law. Prioe 

4s. 6d. 

*< Invaluable to mastera . . We can fully recommend it."— <S9^{|>p{tv GicMstto. 

A Medical and Surgical Help for Shipmasters. Including Fint 

Aid at Sea. By Wm. Johnson Smfth, F.B.C.S., mncipal Medical Oflloer, ^amen's 

Hospital, Greenwich. Second Edition, Revised. 6b. 

"Bound, judioioub, vmaujY nxLvrmu^—Ths Lancet, •. 

4i)ND0N: SHARLE8 GRIFFIN A CO., LIMITED, EXETEB STREET, STRANa 
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40 CHARLMS QRIFFIN A CO.'S PUBLICATIONa. 

ORIPFiyB NAUTICAL SEBIEB. 

Price Sa, 6d. Fost-Jr&e. 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBK MA&nCBKj AS80CIATB OV TRB IMSTmrnON OF KAVAL AKCHmCn; 

uaanmtL op tkb msnTvnoN op BWCzMiBits akd shipmjilihuw 

m •COTLAMD ; BOITO& OP GUPPZirS "NAUTICAX. 



OiRZiUL GovTBirrB.— HiBTOBiOAL : From Early Times to I486— Fi 
•adw Henry YXII.— To Death of Mary— Durinf Elizabeth'! Reign— Up t» 
the Beign of William III.— The 18th and 19ti^ Centariee—InstitirticiL of 
Elaminatiom — Biae and Progreis of Steam Pr<x>ulaon — Development of 
Free Trade- Shipping Legislation, 1862 to 1875— ** Locksley HaU^ Caw— 
ShiiMDaeten' Societiei- Loiuding of Shipa — Shipping Legislation, 1884 to 1084 — 
Statistics of Shipping. The Pebsonnel : Emipownera— Officers— Mari n e s » 
Daties and Present Position. Educatiok : A Seaman's Edacation : what it 
■hoold be^Present Means of Education— Hints. Discipliki ahd Dvtt— 
Poetwa^^yt— The Serious Decrease in the Number of British Seamen, a Matlar 
demandmg the Attention of the Nation. 

" ImrnaBSTor a and l agiauwi y a . . . may be read wns nom sad m 

'^Btbbt MuarcK of the satjeot in dealt nitfa hi a way mhUOi. shews that Hbm 
* knows the ropes* familiarly.**— AitfMMm. 

**TUs APMiBiM* toek . . . tbsks with asefnl Infonnatlon^Shoeld be fm th* 
tands of aTery Sailor.**— irM<«ri» Mommff Ntm, 



Third Edition, Thoroughly Revised^ Enlarged^ and Re-wL 
With Additional llluairaiions, 6«. 



ELEMENTARY SEAMANSHIP. 

•r 

D. WILSON-BABKEE, Mastes Makinbb; F.R.S.E., F.R.G.8.,ata,te.;. 

TOVVaBE BftOTHSft OV SHE TBIEITT HOUSE. 

With Froatispiace, Numerous Plates (Two in Colours), and Hlustratbni 

in the Text. 

OsBriBJLL CoETEEm.— The Building of a Ship; Parts of HuU^ MaMs^ 
fto.— Bopes, Knots. Splicing, &c. — Gear, Lead and Log, &c. •— Rittbig^ 
Anchors — Sailmakmg — The Sails, &c.— Handling of Boats under Sail — 
Sipials and Signalling— Bule of the Boad— Keeping and BelieTing Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

%*The Tolnme ooQtains the nsw bulks or thb boad. 

** This Ai?fr»*v MAiruAL, by Oaft. Wilson-Babkkb of the ' Worcester/ seems to na* 
rmmmfrvT vasioino, and holds its plaoe ezeellentlj tn '■ Gbotih's Nautical fixans.* . . . 
AMhoagh intended for ^ose who are to beoome Offleen of the ICerohant NsTy, it wlA b» 
found useful by all TAGHnaixv.*'<— il</^««m. 

** Five slwungs will be wsu spbst on this little book. Capt. Wxlsok-Babxbb feasrwe 
tram expeilenoe what a young man wants at the outset of his career.'*— 7!A« Bngmmr. 

*,* For oonplete Listef Qimrtm*% NATmiJA& Abbibs, see p. 89. 

-- • ' — 

LONDON : (IHARLES GRIFFIN ft CO., LIMITED, EXETEft STREET. STRAW). 



NAUTKUL WOEKB. 



GRimW'8 NAUTICAL aEBDBa> 

Price Sa. 6d. Po9t'free. 



Bt DAVID WILSON-BARKER, RN.R, F.KS.E., <fco., &a, 

WILLIAM ALLINGHAM, 

FISST-CLAfiS HOHOimS, NAYIGATION, SOEDERCII AND ART DBPABVUBMX. 

Vattb Vtumetoud ^Uuetcationa and Bsamination aiuedtfon«» 

GXNIEBAL Contents.— Definitions— Latitude and Longitude— Instnuncuti 
of Navigation — Correction of Courses— Plane Sailing— Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator»a Cluuft— 
Mercator Sailing — Current Sailing— Position by Bearings— Great Circle Soiliiig 
—The Tides— QuostionB—Appenmz: Compass Error— Numerous Useful Bjnti» 
Ac. — ^Index* 

** PaacissLT the kind of work required for the New OerttflcateB of competency in fiade* 
from Second Mate to extra Master. . . . Candidates will find it pyaluabiji. "-^x K iiJlw 



"A OAPTTAL LiTTLB BOOK . . . spedally adapted to the New SxatnlnatleM. 1lM 
Ajdhore are Oatt. WiaMxr-BABXsa (Gaptain-Saperintendent of the Nautical OoU0g«i H.H.H. 
* Worcester,' who has had great experience in the highest problems of Navifation), an4 
Ma. AujNOVAii, a well-known writer on the Science of Navigation and Nautloal Astronomy.** 
-'Shiffiiitg World. 



Handsome Cloth, Fully Illustrated, Is* 6d, Post-Jree, 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of ''Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustratioss, and a fiaoslmfie 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUIOCAKY OT OOHTTENTS. 

iBTBODTTOiroBT.^lBstnmieBtB TTied at 8ea tor Meteorelogical Puraoses. l ttt iW» « 
logical Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea TempeCHtnreB. — 
Winds.— Wind f'orce Scales.- ffistory of i3» Law of Stoniis.— Honicanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem^- Ocean Gnrrents.— Icebetgs.— Sjn* 
chronoDs Charts.— Bew, IC&ts, Fogs, and Haze.- Clouds.— Bain, Snow, and Bail.— 
Mirage, Bainbows, Coronas, Halos, Mid Meteors.— Lightning, Corposants, and Annmi.— 
QVXSIIOHS.— APPIHDIX.- IXDHZ. 

'* Onite the bbst pnbHcation, avd certainly the kost inxbkbstiko, on this sal\)est srer 
presented to Nautical men."— Shipping Oascttte. 



« • 



For Complete List of Griffin's Nautical Skbixs, 96»^, S9. 



LUiOSN: CHARiES eRiFFIN ft GO.. LIMITED. EXETER 8TR£EL 8TMN& 



4k OBABLMa OMirrm s co:b pubuoatiovb. 
OBIFFiyS NAUTICAL SERIES. 

SiooND Edition, Rxviskd. With Kumeroiu IlliuitratioDS. Si. Od. 

Practical Mechanics: 

Appliel to the Bequirements of the Sailor. 

By THOS. MACKENZIE, 

MMfr MaHntr, F.R.A.3. 

OxNXRAL CoNTKKTS.— Resolution and Composition of Forces— Woric dons 

gr Machines and Living Agents— The Mechanical Powers: The Leyer; 
•rricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstsn ; 
Crab Winch— Tackles : the **01d Man''— The Inclined Plane; the Screw- 
Tik9 Centre of Qravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Ueinp, Coir — Derricks and Shears — Calculation of the 
GroM-breaking Strain of Fir Spar— Centre of EflFort of Sails— Hydroataiios : 
tiie IMving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c. 

" This xxckllsnt book . . . contains a laroi amount of informatioii." 
— JIToiwr^. 

" Well worth the money , • . will be found exoexdikolt BXLPVUXb*'— 
MMpphig World, 

''Ko Ships' Officers' bookcase will henceforth be complete withoat 
Captain Mackenzie's ' Practical Mechanics.* Notwithstanding my many 
Tears* experience at sea, it has told me Iww much more there it to oc^itw^"— 
(Iieiter to the Publishers from a Master Mariner). 

** I must express my thanks to you for the labour and care yon have taken 
in 'Practical Meohanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigffing purchases withoat reaaon 
and accidents to spars, &c., &c, ! 'Practical Mechanics' would save all 
THIS.'' — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

oftlw ThuDM NaatliMl Training Ooll•c^ H.M.S. ' WoraMtar.' 

A Manual of Trigonometry; 

With Diagrams, Examples, and Exercises. Post-free 8s. 6d> 

Second Edition, Revised and Corrected. 

*«* Mr. Buck's Text-Book has been specially prepared with a Tiew 

to the New Examinations of the Board of Trade, in which Trigonomatiy 

U an obligatory subject. 

**Tbis nmrsinrLT PEAcncAi. and sxliablb JOumM.''SehoolmaUer. 

A Manual of Algebra. 

Dmlgn0d to meet the Requirements of Sailors and others. Price 8s . Od. 

%* These elementary works on ALaaeaA and mooironnT are written speeially for 
flioae who wUl have little opportunity of oonioltlng a Teacher. They are books for **sw^ 
■■LF." All bat the dmplest explanation! have, uierefore, been ayoided, and ahswbss te 
the Sxeroises are given. Any person may readily, by careful stady, become master of their 
eontents, and thus lay the foandation for a further mathematical eourae, if doaired. It Is 
hoped that to the younger Offlcere of our Mercantile Marine they will be found deeldsdly 
sarrioesble. The Examples and Exercises are taken from the Examination Papers ssS for 
the Oadeta of the ** Worcester.*' 

*' Clearly arranged, and well got up. . . .A flrit-rate Elementary Alfebvk — 
JTmuUcml Mafa$in$, 

%*For oomplete list of Omra's Nautigal Sxans, lee p. B9. 

UHUMUi: fiHABLES ORIFFIN « CO., LIMITED, EXETER STREET. STRAIUl 
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GBIFFIN'S BTAUTICAL SBBIE8. 

In Crown 8vo. Handsome Cloth. 48. 6d. Post-free. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBUKG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; BarriBter-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew ; Engagement ; 
Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Pajmeot 
of wages and Discharge— The Master's Duty in respect of the Passengers— The Hutv'a 
Financial Responsibilities— The Master's Duty in respect of the Cargo— The Master'it 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Maater's Du.ty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon ArriTlil at the Port of Discharge— Appendices relauVe to certain Legal Mattan: 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line &^[ala- 
tlons, Life-saving Appliances, Carriage of Cattle at Sea, Ac, &c.— Copious Index. 

** No intelligent Master should fail to add this to his list of necessary books. A few UsM 
of it may savx ▲ lawtke's fee, besides endless -wosry.'^ —Liverpool Journal of Commerce. ' 

** SnniBLs, plainly written, in clbab and non-teohmigal lakouaox, and will be fbnnd of 
MUCH MKVIGB by the Shipmaster."— JBrt<MA Trade Review. 



Second Edition, Revised. With Diagrams. Ss. Post-free. 

Latitude and Longitude: 

Ho^sir to Find tlieisi. 

By W. J. MILLAR, C.E., 

Laie Secretary to tf^e Inst, of Engineers and Shipbuilders in Scotland. 

** OoNOiSBLT uid CLEABLY WBITTEN . . . cannot biit proYo an acqnuitioii 
to those 8tud]ring Nayigation." — Marine Engineer, 

" Tonng Seamen will find it handt and ussFUL, simple and olbab."— rA« 
JBnffineer, 

FiRST AID AT SEA. 

SxooKD Edition, Revised. With Coloured Plates and Numerous ninstra- 
tions, and comprising the latest Regulations Respecting the Carriage' 
of Medical Stores on Board Ship. Post-free, 6b* 

A MEDICE AND SDRfilCAL HELP 

FOR SHIPMASTERS AND OFFICERS 

iN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S:, 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attention of all interested in our Merchant Navy is requested to this exoeedJoglj 
asefal and valuable work. It is needless to say that it is the outcome of many jeara 
nuoTiCAL xxincRiEN ex amongst Seamen. 

**8ocin>, JUDICIOUS, BKALLTHXLrrcL."— 27^ Zaneel. • 

*«* For Complete List of Griffin's Naittical Sebies, see p. 39. 
tOWDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANp. 



44 CHARLES QBIFFIN S C0:B PUBLICATIONS. 

ORIgFIIPS WAUnCAL WEKDM^ 

Snvi Inmoir, Rmimi^ with CkafUn «fi SfVim, J9iioyaM«y» 

omI (Me«to4iiiM, MFu j m w ow^ Jlkuiruiion$, Hamdtowu 

Clothe Croum 8vo, 7s. 6d. 

KNOW TOUB OWH SHIP. 

By THOMAS WALTON, Naval ABCHrrEcrc. 

WnaULLT ABmAirOKD TO SUIT THX VnQUTKMMMim 09 MBOtf CURRCnOtfi 

Mnvowvia% aoBB&iwmnisMn, DRAucansMSK, enodibbb^ 

AVD UTBJUia. 

Thk work ezphdns, in a nmple mAsner, such important 
«vb)eot8 m: — 



Displacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Momenta, 

Bnoyancy, 

Strain, 

Stmotnre, 



Boiling, 
Ballasting, 
Loading, 
BhifUng Cacfoes, 
Admission of Water, 
Sail Area, 



" The little book will be found bxohdinolt handt by most officers «n^ 
effioULi ooxmeoted with shippinir* • • • Mr. Walton's work wiU obtain 
LABTINO 8U00BS8, because of its unique fitness for those for whom it has been 
written."— ^;Mi>p«n^ World. 

** An MXXMLSjaT wokk, fuU of solid instruction and intaluaxcb to oYwy 
oAser ol the Meroatttile Marine who has his prefesaion at bnmt '* ?^yp|Tinfr 

<< Not one of the 242 pages ooiad well be spiared. It wiU admirably fulfil itf 
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msn, and aU interested in dbippug."— X^tMrpooI JourruU of Commarce , 

** A mass of vert usbvdl nnroaHATioir, aeoompanied by dkignms and iDns- 
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some Bemarks upon Cement Testing. By Gilbert Bedqrayb, Assoc.InBt.C.S. 
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EaUways."- jTAe Ermineer. 
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and others. By C. Ainsworth Mitchell, B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 74. 
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Foods: Their Composition and Analysis. By A. Wyntbb Blttk, 
M.B.C.B., F.C.S., Public Analyst for the County of Devon. With Tables, Folding: 
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tUr Revuw, 



«< 



If Paop. Skrlsy*s volume was remaritablo for its orlgixuifity and tho breadth of its 



WLb, Bimiidgr fully justifies the assertioii made io his preface that his book diihga ia 
ttraction sBd detail mm any kaown manual. . . . Must take higx rank amomo 
OP RRPRRBNca. "-^A tkmmt tm . 



OPEfl-fllR STUDIES IJ GEOLOGY: 

An Introduction to Geology Out-of-doors. 

By professor GRENVILLE COLE, M.R.LA., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 

■ ■ I ...III. ,1 .I.I.,.. . .... ,1 ^ - I « 

lONDON: CHARLES GRIFFIN % CO.. LIMITEO, EXETER STREET, STRAMO. 
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CroTvn %VQ, Handsome Cloth, 2s. 6d, 

RESEABGHES ON THE PAST AND PRESENT BISTORT 

OF 

THE EARTH'S ATMOSPHERE. 

Including the latest Discoveries and their Practical Applications, 

By dr. THOMAS LAMB PHIPSON. 

PART I. — The Earth's Atmosphere in Remote Geological Periods. 
PART II.— The Atmosphere of our Present Period. 

Appendices; Index. 



« « 



^ Dr. Phipson's work presents, amidst much which is of interest to the 
Scientist and the General Reader alike, a short risumi of his discovery of the- 
origin of Atmospheric Oxygen, the existence of which he attributes wholly to 
the action of Solar Radiation upon vegetable life. The book will be found 
replete with much that is new, curious, and interesting, both in connection with 
Weatfier Lore, and with Scientific Meteorology. — Publisher's Note, 

" The book should prove of intereBt to general readers, as well as to meteorologiBtB> 
and other students of science."— iVa(«r€. 



By GRENVILLE A. J. COLE, M.B.I.A., F.6.S.. 

ir of Geology in the Royal Colieee of Science for Ireland, and Examiner in the 

University of London. 

See also the two following pages (54, 55), and page 85. 

-AlIDs in 
PRACTICAL GEOLOGY; 

WITH A SSCTION ON PALMONTOLOGY, 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fourth Edition, Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth, zos. 6d. 



aSNBBAL CONT1SNT&— 

PART I.— Sampling op the Earth's Crust, 
PART II.— Examination of Minerals, 
PART III.— Examdcation or Rocks. 
PART IV.— Examination of Fossils. 

" 9!roC Cda treats of the examuuttion of ntnerale and redes in a wi^ tint has nevt* 
Wen attempted before . . . dbsbrving of the highest praise. Here indeed arer 
'Aids' INNUMERABLE and INVALUABLE. All the directions are given with the utmost dear* 
■ess and predsion." — AHunmum. 

"That the work desenres its title, that it is full of 'Aids/ and in the highest degree 
'rBAcnCAL,' will be the verdict of all who use ixJ'—Nitturt, 

** This EXCBLUBMT MANUAL . . . Will be A VERY GREAT KELP. . • • • The SeCtlOD 

•B d» BxanuBation of Fossik is probiAly the best of its kind yet published. . ■ . Fou.. 
•fwdMigeifed informatioB from die newest sources and from penenal na9arek.*''^Awmmim 
t/Jlki,H$ti0rf. 

tOWJOM: CMRLE8 eRIFFlH & C0„ LIMITED, EXETER STREET, STRAMfc 
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GRIFFIN'S "NEW LAyP" SERIES. 

Practiced Hand-Books for (lie Use of Prospectors, Explorers, 

Settlers, Colonists, and all Interested in the opening 

up and Development of 2^tv> Lands, 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in the Royal College of Science for Ireland, and Examiner in 

the University of London. 



Iti Crown 8vo. Handsome Ciotk. 5s. 
With Numerous Maps Specially Drawn and Executed for this Work, 

NEW LANDS: 

THEIB RBSOUBCBS AND PBOSPBCTIVB 

ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.S.E., 

Librarian to the Soyal Geographical Society. 

Intboductory.— The Development of Now Lands. — The Dominion of 
Canada. — Canada, Eastern Provinces. — Canada, Western Provinces and 
Territories. — Newfoundland. —The United States. — Latin America, Mexico. — 
Latin America, Temperate Brazil and Chili. — Latin America, Argentina. — 
The Falkland Islands. — Victoria. — New South Wales. — Queensland. — South 
Australia. — Tasmania. — Western Australia. — New Zealand. — The Resouroei 
•of South Africa.— Southern Rhodesia. — Index. 

'* Painst^kiko . . . coHPLxrB . . . of great rmAOTiGAL ABSiSTAHCi.*' — Tht FMd. 

'*A want admirably sapplied. . . . Sas the advantage of being written by a prOf 
fatsed Geographer. "--(7eo^rapAfea/ Journal. 



IN PREPARATION. 
BUILDING CONSTRUCTION in WOOD, STONE, and 
CONCRETE. By James Lyon, M.A., Professor of En- 
gineering in the Royal College of Science for Ireland; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.R.C.S.L 



%* Other Volumes, dealing with subjects of Primary 
Importance in the Examination and Utilisation of Lands 
which have not as yet been fully developed, are in preparation. 

LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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GBIFFIIT'S "NEW LAND" SERIES . 

TniKO Edition, Reviied. With Illustrations, Price in Cloth, 6s, ; stnmglf 

bound in LtoUher, 6«. 6c2. 

PROSPECTING FOR MINERALS. 

A Praethal Handbook for ProspectorSf Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands, 

BY 

S. HEBBEET OOX, ^ssoc.RS.M., M.IiiBt.M.M., F.G.S., &o. 

Genkbal Contents. --Introduction and Hints on Geology— The Determini^ 
tion of Minerals : T7se of the Blow-pipe, &c. — Bock-forming Minerals and Non- 
Metallic Minerals of Commercial value : Rock Salt, Bora^^ Marbles, Litho- 
jraphic Stone, Quartz and Opal, &c., &c. — Precious Stones and Gems — Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes — Irregular Deposits- 
Dynamics of Lodes : Faults, &;c. — ^Alluvial Deposits — Noble Metals : Gold, 
Platinum, Silver, &c.— Lead — Mercury — Copper — ^Tin — Zinc— Iron — Nicktl, 
4c. — Sulphur, Antimony, Arsenic, &c. — ComDustible Minerals — Petroleum — 
General Hints on Prospecting — Glossary — Index. 

"ThiB ADHIRABLB LITTLig WORK . . . written with SOIBNTIFIO AOOintAOT In a 
<ILB 4R and LUOID style. . . . An important addition to technical literature . . . 
will be of value not only to the Student, but to the experienced Prospector. . . . 
If the succeeding volumes of the New Land Series are equal in merit to the First, w« 
must congratulate the Publishers on successfully filling up a gap in existing literature. 
—Mining Journal, 

"This BXOBLLBNT HANDBOOK wlU prov* a perfect Vade-msewn to those engaged is 
the practical work of Mining and Metalluxgy."— Time* qf Africa. 



"With many Engravings and Photographs. Handsome Cloth, 48. 6d. 

I^ O O D SUPPLY. 

By EGBERT BRUCE, 

Agrieultnnl Buperintendent to the Royal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitohell, B.A., F.LCr 

Gbnsbal Contents. — Climate and Soil— Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits — Cattle and Cattle- 
Breeding — Sheep and Sheep Hearing — Pigs — ^Poaltry — Horses — The Dairj 
— The f'armer's Implements — The Settler's Home. 

" Bristles with information."— Farmer*' Gazett$. 

" The wQck is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true prinoiides of 
farming in all its branches."— J^oumoZ qf the Royal ColonuH Imt. 

"A most READABLE and VALUABLE book, and merits an extensive BAJM,"^SeottiA 
Farmer. 

" Will prove of service in ant part op the world."- Natttre, 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STR/Jf». ^ 
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FovETH Edition, Revised, and brought thoroughly iq>-to-date by L. H. 

CooKii l aiteuete r in Mine Sarreyin^ Royal College of S ci eiice. 

With Frontispiece and 716 Illustrations. Price 34b. 

ORE & STONE MINENrG. 

BY 

C LE NEVE FOSTER, D.Sa, F.R.S., 



OP Mmnim, »ovhu ooixwsb ^p scibncb ; bxaminek in minimg to 

THE BOARD OP EDUCATION. 



GENERAL CONTENja 

UVrHODUCriOM. WhAb of Oeeuirenee of mnonds.— Ppospaetiliff . — BOrlns. 
—Breaking Ground.— Supporting Exeavatlons.— Exploitation.— HaulaM or 



— BFiwnng crouna.— supporting Exeavatlons.— Exploitation.— nan 
TnuBsport.— Holsttng or winding. ->Draiiiaaf.—VentllatlOD. — Ll8i 
Pe j ee p t and Asefiit.— Dresslntf— Frlneftples of BnployinMit of Hkiliiv 
— iMiiattoP iflbetlng HIbm lu^Quanptoa.- Condition of tli» Ml 
AaaMMDtt.— Index* 

''Dr. F<MI«^ book WM expected to bo ■voe«>MAKiif«, and it fully jwtifioifticbi 
indoa. ... A MOST admixablb accoaat of the mode of occurrence of mrmatiatiXtfi 
awim Miw«*i.s. ProboUy stands dnkita llcd for completeDess. *— Tkt Mtmrnf y0mmmL 

'^This BPociMtAKiMG wovk . . . appeals to mbn op sxPEBiBNca no lea* 
** Thifl SPUOCDio WOKK.**— C7M<«rr. ZtMckrfi, fiir Btrf umd HUMmwetgn, 



ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-book). By Prof. 0. Lb Nkvi 
FonsB, F.ICS. [In Active PreparaUen^ 



Ninth Editioii, Revised and £nlai|^» With Numerous Dl 

Qoth^Ti. 6^ 

A TREATISE ON MINE-SURVEYINQ: 

Fwr the VM of Manoig^n of Minm and CoUiorioo^ Studonto 
at tho Royal iohool of Minn, At. 

Br BENNETT H. BROUGH, F.G.S*, Assoc.R.S.M.^^ 

Formerly Imfenictor of Miofe-Sarwyiiii; Royal School of Minaai 

Gbhbsai. Contsmts. 

Oiannd BxnlanatioDS — Measurement of Distances — Miner's Dial — ^Variation of 
tlM Magnetic-Needle--SurTeyine with the Ma^etic-Needle in presence of l i o n 
aurveyinf with the Fixed Needle — German Dial — ^Theodolite — ^TraTersing Under* 
ffoand— Surface-Surveys with Theodolite — Plotting the Survey— Calculation ol 
\iAwm I iiTdllinr rnnnrrtinn of Underground- and Surfoee-Sarreys^Mttsuring 



slesoope — Settings-cut — Mine-Surveying Problems — Mine Plana— 
Amplications of Magnetic-Needle in Mining — Photographic Surveying — Ap^endittu 



••Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FtJLHESS of DETAIL have lon^ ago^ 
for it a place unique in the literature of this branch of mining engineering, and the present editioxi fuOy 
maintains the high standard of its predecessors. To thestuoent, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent."— T'Ae Mimng' youmal. 

LONOOK: CHARLES 6RIFFIN £ CO., LIMITED, EXETER STREET, STRAfffiL 



wojtxa ojf MiJimpa. st 



Fourth Edition, Revised and Greatly Enlarged, With Numtrmu 

Additional lUustraiions^ mostly reduced Jr0m Wbrkit^ 

Drawings, Price 24s, net, 

A TEXT-BOOK OF COAL-MINING : 

fBH THE USE OF COLLIERY UMIMQERS AMD OTHERS 
ENGAGED IN GOAL-MINING. 



HERBERT WILLIAM HUGHES, F.G.S., 

Amoc Royal School of Mines, General Manacer of SandweU Park Cottery. 



GENERAL CONTBVTS. 

GeologT't— Search for CoaL — Breaking Ground. — Sinking. — Preliminaiy 
Opeitttioas. — Methods of Working. — Haulage. — "Winding. — Pumping.-— 
Ventilfttioii. — Lighting. — Works at Surface. — Preparation of Coal for Market. 
—Index. 

"Quite THB BSST BOOK of its kind . . . ai practical in aim as a book can be . . • 
1^ illustiatioas are M,xcmjjmiir.*'—Atk€naum. 

'* We cordially recommend die work." —C^UUry OuardiaM, 

** WUl soon come to be regarded as the standard wokk of its kind." — Bifymmg^aem 



Im Large Svo, with Iliustraiums and Folding-FlaUs. io/« ^ 
AND THE USE OF EXPLOSIVES. 

A Handbook for Engineers and others Engaged in Minings 

Tunne4ling, Quarrying, &c. 

By OSCAR GUTTMANN, Assoc M. Inst. C.K 

Mmtitr eftke Soeuhga •/ Civil Engvutrs and ArthiUeit 0/ Vienna and Bmdm^H;^ 
C0rrtt^&ndiHg Mtmhtr ^/tkt /m>. J?^. Ge^ltgieal IntHtuiicH qfAustriOt ^c, 

Gbmbsal Contents.— 'Historical Sketch— Blasting Materials— Blasting Pov* 
iar Various Powder-mixtures — Gun-cotton — NitroH|lycerine and Dynamite— 
Olber NitrO'Compounda — Sprengd's Liquid (acid) Explosives —Other Means of 
BlMting — Qualities, Dangers, and Handling of Explosives — Choice of Blastitiig 
Materii^s — Apparatus for Measuring Forae — Blasting in Fiery Mines — Means of 
IgBiting Charges — Preparation of BIast»^Bore-holes — Machine-drilling — Chamber 
Mines — Changing of Bore-holes — Determination of the Charge-^Blastmg in Bore- 
boles — Firing — Straw and Fuse Firing — Electrical Firing — Substitutes for Electrical 
Firing — Results of Working — Various Blasting Operations — Quarrying — Blasting 
Masonry, Iron and Wooden Structures — Blasting in earth, under water, of ice, &c 

*' This APWTtABLS work."— CoIMny Gnardian. 

"Shaald prove a vad*-mtcum to Miniag Engineers aad all engaged in practical work- 
"^iren and Coal Trade* Revinu, 

LONDON: CHAOLES GRIFFIN tt CO., LIMITED, EXETER STREET, STRAND. 
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In Largt Svo. Ssoqnd Edition. /Vice lOt. 6^. 

Mine Accounts and Mining M-keeping. 

For Students, Hanagrers, Seeretaries, and others. 
With Examp/ea taken from Actual Practice of Leading Comptmi&s^ 

BT 

JAMES 6XJNS0N LAWN, Aa8oc.R.S.M., Assoc. Mem. Init.G.E., F.O.S.* 
Profemor of ICinlng at the Soath Africaa School of UIum. C&petowB, 

Kimberley, and JohsuDMbarg. 

Edited bt C. LE NEVE FOSTER, D.Sc, F.R.S., 
Profetior of liinlDg, Uoyal School of MIq68. and Examiner in Mining to tho 

Board of Edacatlon. 

Genbeal Contents.— Introduction. — Part I. Engagement and Fiaj- 

ment of Workmen.— Part II. Purchases and Sales. ->Part III. Working 

Summaries and Analyses. — Part IV. Ledger, Balance Sheet, and Company 

Books.— Part V. Reports and Statistics. 

**It leems iicpomiblk to racffest how Mr. Lawv*i book eoald be made more ooi 
nore taluablb, careftil, and taiiMUitif."-~AceomtUanU' Mafftuint, 



tSscoND Edition. Large Crown 8vo. Handsome Cloth. With ovar 
520 Illustrations in the Text. 12s. 6d. 

PRACTICAL COAL-MINING! 

L MANUAL FOB MAHAaSRS. UNDER-MANAOSBS^ 
GOLLICRY SNaiNSERS, AND OTHERS. 

With Worhed-out Problems on Baulage, Pumping, VentUcUiont dtc. 
Bt GEORGE L. KERR, M.E., M.Inst.M.E., 

Colliery Maniger. 

**An ssBXXTiALLT PRACTICAL WORK, and Can be confidently recommeoded. No dejMurtment 
•f Ooal-Mining has been overlooked."— Kn(7in«er«' OazetU. 

"Tliii book JCBT M1RT8 the wants of Students preparing for the Colliery Managers' Examin- 
ations. I liAve decided to use it for our classes here. . . . We hare^ I believe, the laKiesi 
mining class in Qreat Britain."— 3%« Principal of a Training CoUege. 



In Crown Svo. Handsome Cloth. With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MININGs 

For the Use of Students, Miners, and others preparing 

for Exanni nations. 

By GEORGE L. KERR, M.E., M.Inst.M.E., 

Author of *' Practical Coal- Mining. *" 

SpeciotUy dfigntd to meet tJie Bequiremente of Students attendinff 

Classes on Coal- Mining. 

*'An abundance of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are In any way interested in coal mining."— Scottish Critic. 

LONDON: CHARLES GRIFFIN & CO.. UMITEO. EXETER STREET. 8TRAN0L 



MINING AND METALLURGY. 59 

Becuiy ImnudicUely. Jn Crown Svo. Handaomt Cioth. With 

Numerous JUuMraiions, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, M.E., M.Inst.M.E., 

Certificated Colliery Bf anager, and Lecturer on Mining to the County Council of Lanark. 

Units of Measurement, Conductorst &c. — The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working. — Motors. — Lighting Installa- ! 
tions^ in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electncity in Mines. — Index. 



With IUu8(ration$ and Plates. Handsome Cloth. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgiata and Students at 

Schools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Ptofessor of Mining and Director of the Otago University School of Mines ; late Directo. 

Thames School of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

EiTGLiSH Edition. Thoroughly Revised and Greatly Enlarged from the 
Third (1897) (New Zealand) Edition. With additional details con 
oeming the Siemens-Halske and other recent processes. 

Contents. — The Mac Arthur Process. — Chemistry of the Process. — 
Laboratory Experiments. — Control Testing and Analysis of Solutions. — 
Appliances for Cyanide Extraction. — The Actual Extraction by Cyanide. — 
Application of the Process. — Leaching by Agitation. — Zinc Precipitation 
of Gold. — The Siemens-Halske Process. — Other Cyanide Processes. — Anti- 
dotes for Cyanide Poisoning. — Cyaniding in New Zealand. 

" Mr. Park's book deserves to be ranked as amongst the BEST OF EXISTIKO TREATOOS 
OH THIS SUBJSOT." — JJinitig Journal. 



Second Edition. With Illustrations. Clothe Zs. ed. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 
By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Anitralasian Mine-Managers* Asiooiatioa 

General Contents. — Introductory: Getting Gold — Guld Prospecting 
(Alluvial and General) — Lode or Reef Prospecting — The Genosiology of Gold- 
Auriferous Lodes — Auriferous Drifts — Grold Extraction— Secondary Processes 
and Lixiviation — Calcination or *' Boasting'' of Ores — Motor Power audits 
Transmission— Company Formation and Operations — Kules of Thumb : Mining 
Appliances and Metnods — Selected Data for Mining Men — Australasian Mining 
Regulations. 

**PEAonoAL from beginning to end . . . deals thoroughly with the Prospeotlni, 
tlnklDg, Crushing, and Bxtraction of gold."— 2}rtt. Australatwn. 

lONOOH : CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 
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Packet Size, Strongly bound in Leather. 3«. 6d. 

m MINING ENGINEMS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MININfi REPORTS. 
By EDWIN R. FIELD, M.Insy.M.M. 

WHk llot99 on the Valuation of Mining Preperty mnd Tabvkctinq fiemertM, Ompd 
imki—, Ac., and provided with detaekabie bianit pagot for m8. notoo. 

"An lAMDUHLT oompUed book which Mining Bngineen and Mani^en will And 
T VSSruL."— Jf mtii(|r Journal. 



In Crown Svo, Illustrated, Fancy Cloth Boards. 4s. 6d. 

€OLD 8EEKIIi€ IN SOUTH AF«GA: 

A Handbook of Hints for intending Explorers, Prospectors, 

and Settlers. 

By THEO KASSNER, 

Mine Hanaser, Author of the Qeologlcal Sketch Hap of the De Kaap Qold Fields. 

With a Chapter on the Agricultural Proapeota of South Afn'oa. 

Abstkaot or Ooxtbhtb— Hiatoir.— GtooloffT.— Protp«oting.— The De Kaap Ooldfleldi. 
— >Eomati and Swaziland. —Coit of Mining, Native Labour, fto.— Lydenberg Ooldfields ~ 
Zontspanberg. — witwatenrand.-- Other Qoldflelda. — General Oonsidetmtl^HUi. — Con- 
elnaiona.— Agrioaltatal Prospects, Tables. Index, Ac. 

"As fascinating in its way as anything ever penned by Jules Verne. Jfr. FartnT- 
nuuiages to impart his inforraat on in a way that enables lum to be understandod eren 
of the dullest, —it/fiean Commerce. 



XnBD Edition. With Folding Plates and Many Illtiatmtions. 36s. 



A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 

By J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., Ac., 

And H. BAUERMAN, V.P.G.S. 

General Contents. — Befraotory Materials. — Fire-Cla3r8. — Fads, Ike.— 
Alnminiiun. — Copper. — Tm. — Antimony. — Areenic. — Zinc. — Mercmy. — 
Bismuth. -Lead. -<Izon.— Cobalt — NiokeL--SilTer.— Odd.*- ^" " 



" Of the Thibd Edition, we are still able to say that, as a Text4)0Qk «f 
Metallurgy, it is the best with which we are acquainted.*'— Ai^ineer. 

" A work which is equally valuable to the Student as a Text-book* sad t»ilw 
.pMOtieal Smelterasa Standard Work of Befeicnee. . . . The HlnsfciatMnB 
•are admirable examples of 'Wood ^mgmviag.'^^Ohemieal Nam. 

LONDON: CHARLES SRIFFIN -ft CO./ LIMITED, EXETER -STREET, sraAHD. 



Second Edition. In Preparation. In Two Volumes, Large Svo, With 
Numerotu Maps, PkUeSy aaid IlluHrathna in the Text. Frict 45«. 

AND ITS PRODUCTS: 



By Dr. BOVEBTON EBDWOOD, 

F.B.S.E., F.LO., A8SoaB.0.S., 

■on. Ooir. Hem. of the Imperiftl Bnwiaii Technical Societj; Mem. of tba Amwiovi _ 
flottMy ; AdvJMr to tiw Home OfBee and to the Oorponitioii oMKMid*n warier AIM 

Petroleum Acts, Jw., .^c. 

Assisted bt GEO. T. HOLLOWAY, FXC, Assoa ILO.S., 

And Numerons Contributors. 

Qbrbal Oontsnts —I. Hi8toricaL--<>II. Qeological and Geographical Distribution of 
Vetrolenm and Natural Gas.— Ill Chemical and Physical Prop^rcioa.— IV. Origbi — V. 
Prodnotion.— YI. Beflniug.^VII The 6haie Oil and AHied Iiidiifitrle9.^VIII. TnB^ort, 
-Storage, and Distrlbntion.— IX. Testing.— X. Application and Uses.— XI. Legislation "^.at 
Home and Abroad.— XII. Statistics.— Indbx. 

**The K08T coHPRBHKiJisivx Ain> coirvBKiitNT ▲0C0T7HT that has yet appeared of a gigantic 
industry which has made incalcalable addiiions to the comfort of citilised maa — TAs 

** A sPLBMBin coNTBiBunoK to our tec-hnlcat literature."— CA«m<caZ yews. 



With Platea ((hie Coloured) and IllvstrcUums. Price Ss. Qd. net. 

A HANDBOOK ON PETROLEUM- 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

tLad I6r those engaged in the Storage, l*ransport, DisirlbuttDn, aad 

laclustrial Use of Petroleum and its Produets, and of OfOolum 

Carbide. With suggestions cai the Constvufittoa and 

Use of Mineral Oil Lamps. 

Bt CAPTAIN J. H. THOMSON, 

H.M. Ohier Inspector of Explosives, 

AKD 

ikb. boveeton redwood, 

Author of " Petroleum and its Products." 

OOHTiHTS.— I. Introductory.— IT. Sources of Supply.— III. Production.— IV. Chemical Pro- 
duets, Shale Oil, and Coal Tar.— Y. Flash Point and Fire Test.— YI. Testings.- YII. Bxiskinr 
fiegialation relating to Petroleum.— YIII. — IX. —Precautious Necessary.- X. Petroleum Oil 
fiamps.- XI. Carbide of Calcium and Acetylene.— Appendices.— Iiinsx. 

" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the indubtry. . . . Eeliable, indispensable, a brUUant oonlurifattUan."- 
iPetroUum. 

^TSm PEO^ROLiBUM LiAMP: Its Choice and Use. A Guide 

to the Safe Employment of Mineral Oil in what is commoiily termed 
the Paraffin Lamp. By Capt. J. H. Thomson and Dr. JiOYBRTO 
Redwood. Popular Edition, Illustrated. Is. net. 

" The book contains a great deal of interesting, reading, much-of j^hich is thoroughly practical 
And useful. It is a work which will meet every purpose for which it has been written."— 
P«froIettm. 
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STANDARD WORKS OF REFERENCE 

Httalliirglsts, Hine-Ownen, Assayers, Vanafaetnren^ 

and all interested in the development of 

the Hetallurgieal Industries. 

EDITED BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

/» Lsf^ %vp, Hmndi^iMi Cloth, With Illmirmiim$, 



nTTBODUCTION to the STUDY of METAXiLUBG'r. 

By the Editor. Fifth Edition. (See p. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Rosk. 

D.Sc., Assoc. R.S.M., F.I.C., Chemist and Assayer of the Royal 
Mint. Fourth Edition. 21s. (Seep. 63.) 

IiEAD AND 8II1VEB (The Metallurgy of). By H. F. 

Collins, AssocR.S.M., M.InstM.M. Part I., Lead, i6s; Part 
II.i Silver, i6s. (See p. 64.) 

IRON (The Metallurgy of). By T. Turner, A.R.S.M.^ 
F.I.C., F.C.S. Second Edition, Revised. i6s. (See p. 65.) 

STEEL (The MetaUurgy of). By F. W. Harbori>, 
ASSOC.R.S.M., F.I.C., and J. W. Hall, A.M.Inst., C.E. (Scc- 
p. 65.) [Ready shortly. 

Win U PtthSsJUd at Short JntofvaU, 

METALLUBGICAL MACHINEBY : the AppUcation o# 
Engineering to Metallurgical Prohlems. By Henry Charles Jenkins^ 
Wh.Sc., Assoc. R.S.M., Assoc. M. Inst. C.E., of the Koyal College 'o# 
Science. 

ALLOYS. By the Editor. 

*«* Other Volumes in Preparation. 
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Fifth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. x8s. 

An Introduction to the Study of 

BY 

SirW. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.^ 

Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy 

in the Royal College of Science. 

Gknbral Contknts. — ^The Relation of Metalluigy to Chemistry.—Physical Propertie» 
of Metals. — ^Alloys. — The Thermal Treatment of Metals. — Fuel and Thermal Measurements. 
—Materials and Products of Metallui^ical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces. — Thermo- Chemistry. — Topical Metallurgical Processes. — The Micro-Struct\ure 
of Mjttals and Alloys. — £conomic Considerations. 



«< 



No English text-book at all approaches this in the complbtbnbss witb 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to tne student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



Fourth Edition, Revised, Considerably Enlarged, and in part Re-writteBw 

Including the most recent Improvements in the Cyanide Process. 

With Frontispiece and numerous Illustrations. 21s. 

THE METALLURGY OF GOLD. 

BY 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

Chemist and Agaayer of the Boyai MmL 

OnniiiAL Contents.— The Properties of Gold and its Alloys.— Chemistry of Gold.— 
Mode of Occnrrence and Distribution.— Placer Mining.— Shallow Deposits. — Deep Place? 
Mining. — Quartz Crushing in the Stamp Battery. — Amalgamation. — Other Forms of 
Crushing and Amalgamating.— Concentration.— Stamp Battery Practice.— Chlorination :■ 
The Preparation of Ore.— The Vat Process.— The Barrel Jh-ocess.— Chlorination Practice 
In Particular MUls.— The Cyanide Process.— Chemistry of the Process.— Pyritic Smelting. 
—The Befining and Parting of Gold Bullion— The Assay of Gold Ores.— The Assay of 
BalUon—EconomieConsideratioDS.— Bibliography. 

** AooMFBBHKHSiva PKAOTiOAL TBKATI8B ou this important subject**— 27^ Timet, 

**Th« ifoer oomplktb dMoription of tne oHLOBiNAnov pbocbss which has yet been pab- 

fil/k»A:*^Mining Jownal. 
** Adapted for all who are interested in the Gold Mining Industry, being free from tech- 

alealitiea as far as possible, but is more particularly of value to those engaged in thr 

tndustry.*'— Cope TtoMf. 
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aBinmr'S XETAIiLUBGICAIi 8BBIB8. 

Editid by sir W. ROBERTS-AUSTKN. K.C.R, P.R.S., D.aL. 

Im Larffe Svo. Hfutdmme Oloih, Wkh TUmtrwHam. 

* 

In Tvro Volumes, Each Complete in Iteelf and Sold R^pnmt^'y 

THE METALLIIIHIY OF LEAD AND SIITER. 

By H. F. COLLINS, AasoaK.S.M., M.Is8T.m.'M. 

PciPt I.— I^SJL])^ 

A Complete and Exhaustive Treatise on the MamifiMitnre of Xnad, 
"With Sections on Smelting and DeeiWorisation, ••nd Chapters wo. #ie 
Assay and Analysis of the Materials inTolved. Piiee 16s. 



SuMiURY OF CONTBNTS.— Sampling snd Assaying Lead and Silver.—FrQpsrtiss sad 
-Coiupoonda of Lead.— Lead Ores.— Lead Smelting.— BeT«rberatortM.-*Ij«ad limililif ^ 
Hearths.— The Roasting of Lead Ores.— Blast Furnace Smelting ; Principles, PraetiMi 
and Examples; Products.— Flue Dust, its Composition, Collection and Treatment.'- 
<Co3t8 and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, DesilTOiiaatiDii, 
:Softeningani Keftning.- The PatUnson Process.— The Parkes Process.— Csp«UatJaaSBA 
Beiiuing, dkc, Ac. 

"A THOBOUOHLT souKD snd osefttl digsst. Hay with MVKKX coKwn>waum be 
recommended."— lf<fiMi|^ JcumtU, 



Pa.Pt II.— SI i:. ITER. 

Comprising Betails regarding the Sources and Treatment of Silyer 
Ores, together with Descriptions of Phuxt, Machinery, and Processes of 
Manufacture, Kefining of Bullien, Cost ef Working, &c. Price 1^ 

SUHMAUT OF GoNi!BNTB.— Properties of Silver and its Principal Oomiiounds.— CHIver 

•Ores.— The Patio Process.— The Kazo, Fondon, KriSlinke.and Tina Pro c es seo .— The ♦Ban 

Process.— fioast Amalgamation.— Treatment of Tailings and Concentration.— 'fietortlagt 

Heltiog, and Assaying.— Chloridisiog'Roasting.— The Augostin, Olaudet, and 2i«f«iQg«l 

Processes.- The Hypo-Sulphite Leaching Process.— ReAniag.-^Matte Smelting.— PyrMe 

Smelting.- Matte Smelting in ReTct^ratories.— SilTer-Oc^perfbn^tiiig sod SeOBiag.— 

Index. 

*' The author has focnssed A laror ahoctnt of talvabiiIC ittfOVMjeium into a 
fConveniMit fonn. . . . The author has evidently considerable praettoal aiperlsais, 
«and desciibes the various processes clearly and well. ' — Mining JimrneU. 

■ ■ — 

ilMMHI:. CHARLES SRIFFIil & CO., LttiiliQ, eXfiTERBfrnKf. SiSMUI. 
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Sscoin) Edftiok, Revised. Price 16b. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmingham. 
Ih Labob Syo, HAKiMscntE Cloth, With Numsrous ItunsauawKn 

(MANY -ntOM iPBOTOftZft^HS). 



Qtneral (7o»<«»t«.— Early History df Iron.— Modem History of Iron.— The Age of Staid. 
—Ohief Iron Ores.— Preparation of Iron Ores.— The Blast Furnace.— The Air nsed in tte 
Blaat Furnace.— Beactions of the Blast Fnrnace.— The Fuel used in the Blast Faniace.<- 
ISlags and Fuxes of Iron Smelting.— Properties of Cast Iron.— Foundry Practice. — ^Wrought 
'Sron.-^IndlMctProdnotionof Wrought Iron.— The Paddling Pi ooess.— Further Tveatm«nt 
jof Wraqght Iron. <- Corrosion of Iron and Steel. 

" A MOST YALUABLB SUMMARY of knowledge relating to every method and iteKe 
in themcDiifactureof east and-wropj^t fami . . . rich in chemical detatts. . . . 
SxHAumys and thoboughlt up-to-date.** — BuUetin of the Amerioan Ircn 
4and Steel Association, 

" This is A DKLiOHTFUL BOOK, givinfi;, as it does, reliable infonoation on.A«Q);}Mi 
bseonJng^Tery day more elaborate.'* — ColUerp Ouardicm. 

**A THOROUORL.T USEFUL BOOK, wbich Drlngs the subject up to DAnt. Or 
▼ALOT to those engaged in the iron indnstry.** — Mining Journal, 



IN AGTIVB ^RERARATION. 

New Volume of the "Metallurgical Series." 

Tfl)E METiLLBRGY OF STEEL. 

JB Y F. W. HARBORD, Absoc.R.S.M., F.I.C., 

Consulting Metallurgist and Analytical Chemist to the Indian Oovemment, 
Royal Indian Engineering College^ Coopers Hill. 

With nusarlt 360 Illustrations Comprising Numerous Diagrams 
OF 'Plant and Maohinbbt, bbducbd from Working Drawings, 

AND A SbOTION ON MXLL PbACTIOE 

By J. W. HALL, A.M.Inst.C.E. 



METALLDRGICAl" MACHiHEEY : 

TbeApplloatloii of EnginaerinK to Metallurgical Probioms. 

By henry CHARLES JENKINS, 

Wh.Se., As90c*R.8 M., Assoc, M,Imt.C,E. 



« * 



«* For Details of Works on Mining, see pages 65-^9. 
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C OBAMLMS OBimif * CO.V fUBLWATlONS. 

A TEXT-BOOK OF ASSAYING: 

Par ik§ tfM of StudentB^ Mlsw Matiagmm, AsBoyen, d«. 
By J. J. BERINGER, F.I.C., F.C.S., 

VfeUfe AMlnt for, umI LMttrar to th* l&iag AMockliM o£, ConwA 



And C. BERINGER, F.C.S., 

Late Chief AsMjer to tke Rio Tinto Copper Co mpan y , Loado% 

Wkli MMwrooft Tables and lUustrationa. Crown Sra Cloth, loa. fid. 

* Eighth Edition. 

OiMniAL CoMTBim. — PAirr I. — IirraoDVCTOKT ; MAmroLATioN : SamnliwK ; 
Aryimc; CalouUtioB of Rtnilti — Lobpratorjr-books and Reports. IfrrHom: Dry Gcavi- 
le tric; Wet GraTimetric— Volumetric Aaaays: Titrometnc, Colarimetric, Gaaov 
WfliglHac and Measuring— Reacenta^Formolje, Equations, ftc. — Specific Gravity. 



Pakt II.— Mbtau : Detection and Aaia^ of Silrcr, Gold, Platinum, Merenr«% Coppea^- 
Lead, TlmUium, Biaautb. AntimoaT, Iron, Nickel, Cobalt, Zinc, Cadminw, Tin, Tunjtstex^ 
Titanium, liaagaacse, Chrominm, Kc-^Eaxtht, AlkaEes. 

Pakt III.— Non-Mbtals : Ozyf en and Oxides : The HalogsM Sulphur and Sul- 
Phosphonis, Nitrofen—SUicoa, Carboa, Bcroo— Useful Tables. 



** A aaAiXT ifsaiToaious wokk, that may be safely depended npoa either for systematir 
instruction or for reference.'* — Nmiurt. * 

"This work is one of the best of its kind. . . . Contains all the iafonnatioa that 
the Amayer will find necessary m the exaauaatian ef minerals. " — Enimttr. 



Third Edition, Revised, ffandaome Cloth. With Numerotu 

JUustrcUiona, 6«. ^ 

A TEXT-BOOK OP 

ELEMENTARY METALLURGY. 

Including the Author*! Praotioal Laboratory Coursr. 
By a. HUMBOLDT SEXTON, F.LC, F.C.S., 

Profeuor of Metallurgy in the Glasgow and West of Scotland Techniod College. 

GENERAL CONTENTS.— Introdaction>-Propertie8 of the Metals— CombiiBtio» 
— Faels— Refractory Materials— Fnmaces^Occnrrence of the Metals in Natore — Pre- 

Kation of the Ore for the Smelter — Metallargical Processes — Iron : Preparation of 
Iron— Malleable Iron — Steel — Mild Steel — Copper — Lead — Zino and Tin — Silrer 
<— tlold — Mercury — Alloys — Applications of Elbctkicitt to Metallurgy — Labora- 

«OBT GoURaS WITH NUMBROUS PRACTICAL EXERCISBS. 

'* Just the kind of work for Students gommebcino the study of Metal- 
Iwrf, or for Enoibbbrino Students requiring a obnbral kbowlbdob of it, or 
Isr ABOINBERS in practice who like a handt work of refbrbncb. To all three 
elassefttre ubartilt commend the work.'* — Practical Engineer. 

** Ezcbllbbtlt got-up and wbll-arrangbd. . . . Iron and copper well 
explained b/ bzcbllbnt diagrams showing the stages of the process from start to 
flniih. . . . The most bovbl chapter is that on the many changes wrought 
in Metallurgical Methods by Elbctricitt." — Chemical Trade Journal. 

** Possesses the orbat advantaob of giymg a Courbb of Practical Work.*^ 
'^Mkwng JowmaL 
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The Art of flie Goldsmitli and Jeweller 

A Hanual on the Maniiuilatloii of Gold In the Varloos 

Proeesses of Goldsmith's Work, and the Hanu- 

facture of Personal Ornaments. For 

Students and Practical Men. 



Id LftTge Sto. Haadsome Cloth. Ptioe 4b. 

TABLES FOK 

^HAKTITATIYE METAllDRGICAL ANALYSIS. 

FOR LABORATORY USE. 



Sdhmabt of Contk NTS. —Iron Ores.— Steel,— Limestone, Ao.— Boiler In- 
«mtstioiui, Clays, and Fire-bricki. — Blaet Fnmece Slag. &c. — Ooftl, Coke, 
and Patent Fuel —Water.— Gaaea.— Copper— Zinc —Lead. —AII078.— Whit* 
Lead. — Atomic Weigh ti. — FiLcloca. — Beageuts, iLc 
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Sboond Editiosc, Rertaed, EolargBd, and in |wrt Be-wiitten. 
WUh Additional Seotiona on MoDERif Thkouss of Electrolysis 

Costs, ko. Prioe lOs. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 



Bnbraoing the AppUcaktioa of EleolrolynB to Um Plating, Depositing, 

Smelting, and Refining of varioiu Metals, and to the Repro- 

dnotion of Printing Surfkoee and Art-Work^ &c. 

BY 

WALTER G. McMillan, F.LC, F.C.S., 

Ster»tary to ths InttUution of EleetriealBnginMn; laU Lectww in uiuMwr^ 

at Jfoton College^ Birmingham. 

With nunerous lUustrations. Lsrgs Crown Svo. Qoth. 

*' This ezcellettt treatiM, . . . one of the bhv and most cwmplktb 
inala hitherto published on Electro-Metallurgy." — Electrical Review. 

** This work will be a stakdabd. **--JewelUr, 

"Any metsllnrgioal prooess wliioh mDuov the oosv of prodveti<n. 
SBiist Of neoessity pft>Te of great commercial importance. . . . W» 
rseommend thii manual to all who are interested in the fractKIiai:* 
AFPLiOAnoK of eleetrolytic processes." — Aoture. 



la large 8yo. With Numerous Illnstrations and Three Folding-Plates» 

Price 2l8. 

EIECTRIC SMELTIIfr & REPira&r 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the *<Elekt&o-Metalli7&gib'' of Db. W. BORCHERS. 

Translated from the Second Edition by WALTER O. McMILLAH*. 

F.I.C., F.O.S 



CONTENTS. 

Pabt I. — Alkalies and Alkaline Earth Metals: Magnesium^ 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium^ 
the Carbides of the Alkaline Earth Metals. 

Part II. — The Earth MarAiii: Alumininm, Cerinm, LaBthsBimi,. 
Didymiom. 

Part III. — The Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinuna 
Group* 

' CoifpREmNsrni and ATrrHORrpATrm ... not only full of valuable imron- 
MATIOK, but gives evidence of a thorouoh insiqbt into the technical VALUE an<t 
POSBlBlLrriES of all the methods diacoased."— TA« EUetridan. 

" Dr. BOROHEBS' WELL-KNOWN WORK . . . mUflt OF NEOBSSTTT BE AOQUIBED by ' 

every one interested in the subject. Exgbllentlt put into Kngltsh with additional 
■wtter by Mr. McMillan."— Mature. 

Will be of asxAT sebvior to the practical man and the Student."--JB{0eCrie SmfeUit^^ 
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A SHORT HANXTAL OF 

INORGANIC CHEMISTRY. 

BT 

A. DUPRli Ph.D., F.ILS., 

AND 

WILSON HAKE, Ph.D., F.LO., F.CS., 

OftlM WMtaiutw Hoipital ICwIiad SckooL 



Tkiu> Edition, Revised, Enlarged, and brought np-to-date. Price 9s. net 



'* A well-writteB, dear nad. aocoimtc Blem«BtarT Manual of InoivuMk 
Wo agreo heaitily with the lyttem adoptod by Dia. Duprtf and Haka Will makb KxpbU- 
omrrxL Wouc tsbslt iivTBmsaTiMG aacAUsa iMTBLUGiBLa."— i5'««Mnrfaf Rtvitmt. 

** Thero is no question that, giron tho rmmwwcT cnouitDiNC of tho Student ^ bk 
Ahe TCaaainder oomea aftorwarda to him in a lannar ouch mora rimple and aaaily 

Hw work M AM BXAMrLB OW THB AlMTAMTAOBa OW TUB SwrSMATIC TKBATmirr «f a 

ficianoa over the firacmentarr style so ge n s t ally UOowd. Bt a lomo WAT m aasT «f Ihs 
amaU Manuals for ?8tiidsnf 1. ^-^AmmijfMi, 




LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON, 

Profosaor of Metallargy in the QIaagow and Weat of Scotland Taehoieal OjUac^ 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOZ TBS USS OF STUDBNTS, 

With nioatratloni. Foubth Edition. Crown 8to, Cloth, 9a. 

" A ooMrAOT LABOKATOBT «uiDB for btgioBen was wanted, and tha imat hM 
6Mn WBLL aurruKDw ... A good and nMfhl book.*'^Zanee<, 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR TBS USS OF STUDBNTS, 

With lUoatrations. Fou&th Edition, Revised. Crown 8to, Cloth, 8lk 0dL 

'* The work of a thoronghlj practical chonist"— J9rj(it4 Medical JounuU. 
^ Oompilad with great oaia, and will sapply a want**— /onriMrf nf JBdiicwttgifc 



ELEMENTARY METALLURGY: 

Including the Author*! Practical Laboratory Course. With many 

Illustrations. [See p. 66. 

Thibd Edition, Revised. Crown 8vo. Cloth, 68. 

" Jnst the kind of work for stadents commencing the study of metaUnrgy.*— 
Prwitical Engineer, 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.LO., F.O.8., As8OC.In8t.0.B., F.LC, F.C.S., 

Oonaultins Chemist to the Grown Agents for Consulting Chemist, Head of the Ohemteliy 

the Colonies. Pepartment. Goldsmiths' Inst., 

Mew Cross. 

In Two Vols., Large 8vo. With Illustrations. Sold Separately. 



"The authors have sdccbbdkd beyond all expectations, and have produced a work whtoh 
-should give rassH powha to the Engineer and Manufacturer."— TAe Timet, 



CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

OenercU Contents.— ISTR0J>UGT10¥[— Chemistry of the Cblef Materials 
of Construction— Sources of Energy— Chemistry of Steam-raising— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in tht 
Winning and Manufacture of Metals. 

" Practical THEonoHouT ... an admirajilb tbxt-booe, useful not only to Studtntib 
but to EiraiNBBBS and MAif AOBas or wo&ks in PBBVBNTiira wabtb and imp&oviko pbogimbb."— 
Soottman. 

" Bminbittlt pbactioal."— Gtesfiroto Htrdld, " 

"▲bookworthy of HiQH bahk . . . its merit is great . . . treatment of the snhl^ot 
of ttASBons PUBL particularly good. . . . Watbb gas and the production clearly worked out. 
. . . Altogether a most creditable production, Wb wabhlt bbcommbnd iv, and look forward 
•with keen interest to the appearance of YoL Ih —Jotwnal c/Otu Lighting. 



THE CHEMISTRY OP MANUFACTURING 

PROCESSES. 

Oeneral Contents. —Sulphuric Acid Manufacture— Manufacture of Alkali, 
Ams.— Destructiye Distillation —Artifldal Manure Manufacture— Petroleum 
— Ume and Cement— Clay Industries and Glass— Sugar and Staroh— Brewing 
and Distilling— Oils, Resins, and Varnishes— Soap and Candles— Textiles 
and Bleaching — Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard— Pigments and Faints— leather, Qlue, and Siie— ExploslTM 
and Matches— Minor Chemical Manufacturea 

**0ertainl7 a good and usbtul book, constituting a pkaotioal ouidb for Btodento bv 
affording a dear conception of the numerous procesBes as a whole.**— CA«iii<eal IWmm 
Journal. 

**We ooNnDBHTLT BBOOiocBirD thii Tolnme aa a nucrioAL, and not overloaded, 
•ciXT>BOOK, of OKBAT TALUx to Students.**— 2^ Buildir. 

LONDON : CHARLES GRIFFIN & C0„ LIMITED, EXETER STREET, STRAND. 
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worn BT A. WTNTBR BLYTH, •M.&C.S., F.C.S., 

hw, PabU« Analjit for ttia Ooimtf of Doron, and MmUmI Oflktr of UMltk fcr 



FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

In Dooy 8to, with Elaborate Tablet, Diagiami, and Platea. H>ndinme 
CMtk, Fifth Editiov, Thoroughly Reyised, 

Enlarged, and Re-written. [At PBESSk 

GENEKAIi OONTENT8. 
Hiffeory of Adulteration — Legislation, Past and Present — ^Apparatus 
Mifnl to the Food-Analyst — "Ash" — Sugar — Conlectionc^ — Honey- 
Treacle — Jams and Presenred Fruits— Starches — Wheaten-llour — "Bretd 
—Oats— Barley —Rye— Rice— Maise — Millet — Potato— Peas— Chinese 
PiMs — Lentils — Beans — Milk — Cream — Butter — Oleo-Margarina — 
Bntterine— Cheese— Lard— Tea— Coffee— Cooea and Choeolato ^eohel" 
Brandy — Rum — Whisky — Gin — ^Arrack — Liqueurs — Absinthe — Principles 
«f Fermentation — Yeast — Beer — Wine — Vineeai — Lemon and Lime 
Jnioe — Mustard— Pepper— Sweet and Bitter iJmond— Annatto — OUw 
Oil — Water — Standard Solutions and Reagents. Appendix: Text of 
Bm^fah and Ajnerioan Adulteration Aots. 

PRESS NOTICBS OP THE FODBTH EDITION. 

**8i|iiplT JMOwnxBAMLU in the Analyit's laboratory.'*— 7A4 Lanett. 

**fSm* S*AsnASD wosx on tbe subject . . . Eyary chapter and mwrj Tp$M* glTW 
alMBBdant proof of the itrkst revlBion to which the work has been subjected. . . . Hm 
seetton on mux ia, we beliCTe, the roost ezhanstiTe study of the subject extant . . . Aa 
mmumBtAMSM mawal for Analysts and Medical Offleers of Health. "-^FmbHt Bmith, 

** A new edition of Mr. Wynter BWth*s Standard work, cnionD wim au. 
I AKS> xMnoTBuxim, will M accepted as a booa*'— OEksm^eol JITsim. 



POISONS! 

THEIR EFFECTS AND DETECHON. 

Tkibd Edition. In. Lai^e 8yo, Cloth, with Tablesand niustratioiuu 

Price 21s. 

QENEBAL CONITIDNTS. 

I. — Historical Introduction. 11. — Classification — Statistics — Conneotie» 
llltimju Tozio Aelion asd Gfaemioal Composition — Life Tests— Osasgal 
MsilWd of Prooednre — The Spectroeeope — RTaminatleti of Blood and BU 
Mains. III.— ^Poisonous Gases. IV.— Acids and Alkalies. V.— iA 
« kss Volatile Poisonous Substances. VI. — Alkaloids and Poisoi 
V^ecetable Principles. Vll. — ^Poisons derived from Living or Dead Animat 
Substances. Vlll. — The Oxalic Add Group. IX. — Inorganic Pcstona. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

'*fhidonbtedly THB most coMnxTS wobk on Toxicology in onr languaim."— 2%* Am a k ut (m» 

"As a FEAonoii •uini, we know ho bxttss work."— 3'A« L€mc€t (onthe Third MdMmJ, 

V In the TmsMD BsiTUor. Balsvsd and partly B»writfeen, New AnAsmeAKMsBaeat haT» 
hesB introdncsd. and the Oadatbmc Aioamiss, or Fvohairsb, bodies playing so gp 
jNod^elsoninf snd in the Manifestations of Disease, hsTS reoeired special attention. 



lONDON : MARLE8 GRIFFIN ft Gl, LIMITED. EXETER STREET, STRAND. 



OHBMISTRY AND TBOBNOLOQT. ^ 

With Numerous Tables, and 32 I^Uistcatians. i6s. ^ 

DAIRY CHEMISTRY 

FOE DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.CS., 

CHEMIST TO THB AYLBSBURY DAIRY COMPANY. 

CoHients.^^l. Introductory.— The Constituents of Milk. IT. The Analysis of 
Milk. III. Normal MUk : its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, -Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Manmials other 
than the Cowr. — ^Appendices. — ^Tables. — Index. 

" . . . In our opinion the book is tL^ best coirnuBUTltm on tub subject that 
HAS YBT APPEARED in the English language." — Lancet. 

" The author has succeeded in puttuig before the reader a complete bode <ni Dairy 
Oieimstry. It forms a comflbtb risttm4 of theoretical and practicax. knowlbdcBt 
written in easy, iateUigiUe lamgua^." — TAt AMoIyst, 



In Large 8to. Handsome Cloth. With numerous Illustrations. 
Vol, I. Complete in Itself. Price 15s. 

[Part I., Vol. II., at Press, 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICRO-OBGANISMS IN THB 

AETS AND MANUFACTURES. 

A Practical Handbook on f-ermentation dnd Fermentatioe Pfocessea for the Use of 

Brewers and Distillers, Analysts, Technical and Agricultural Chemists, 

and all interested in the Industries dependent on Fermentation, 

By Dr. FRANZ LAFAR, 

ProfeM«r tt SermenlatioD-PhyBiology »ndfBaeteri<4og7 in the Technloal 

High SehooU Yiaaiia. 

1¥ith an Introduction hy Dr. SMIL CHR. HANSEN, Principal of III* 

Carlsfoerg Laboratory, Oopeobagai. 

l^BAKSLATED BY CHARLES T. C. SAL13S£. 



!(• 



'l%e first woric of the kind which can lay claim to eompletenesB in the treatBMBt of 
• a fMciaatsog subject. The plan is admirable, the clusffieatiou simple, the style is good, 
and the tendency of the whole Tolnme is to convey sure information to Ike nader.*^— 



** We oaxmot snfflciently piatie Dr. Lafar's work cor that of his- admirable translator. 
No brewer with a love for ms calUng can allow such a book to be absent from his library.** 
— -JNwer'* Journal^ New York. 

*,* The pabliahers traat that before long they will be able to pmaent VD&IUh 



with the whole of the second Tolnme, arrangements having been concluded wbaveby, upon 
Us appearance in Qermany, the Enlrliah translation will be at ence put in band. This is now 
IbeiDg done xith Part I., wUeh will be issued shortly, and wiiich will be followed by t>i» 
two final parts. 

UWDOttueHARLES QRIFFtN & G0« UMITiD, EXETBR- STREET, :nRANOL 




74 CHABLMS QRlFFiN S OO.'S BUBUCATIOHB. 

Crown 8vo, Handsome Cloth, FuUj lUnstrated. los. 6d. 

FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical EzaminatioiL 

A Practioal Handbook for Medical Men, Analyata, inspectors and other*. 
By C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fellow of the Institute of ClieinUtry; Member of Council, Society of Public Afudycts. 

With Kumeroru TaMei, Illustrations, and a Coloured Plate. 

Contents. — Structure and Chemical Composition of Muscular Fibre. ^-of 
Connective Tissue, and Blood. — The Flesh of Different Animals. — ^The Examina- 
tion of Flesh. — Methods of Examining Animal Fat. — ^The Preservation of Flesh. 
— Composition and Analysis of Sausages. — Proteids of Flesh. — Meat Extracts aad 
Flesh Peptones. — The Cooking of Flesh. — Poisonous Flesh. — The Animal Para- 
sites of Flesh. — The Bacteriological Examination of Flesh. — The Elxtraction and 
Separation of Ptomaines.~lNDEX. 

*•* This work is a complete compendium of the chemistry op amimal tissubsl It ooa- 
tains directions for the detection of morbid condidons, putrefactive changes, and poisonooa 
or injurious constituents, together with an account of their causes and eBect8.-^/*tf^ib»l«rr' 

" A compilation which will be most ttsefid for tiie class for whom it is intended."— ^/AnMtMn. 
" A book which NO ONB whose duties inrolre considerations of food supply CAN AFPom> TO MM. 
WITHOUT.' —MunicipeU Jtumal. 



In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 

FERMEN TS 

IL NT I> T K E: X XT JfLCTXONTfS. 

A Text-book on the Chemistry and Physics of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D., 

or the Physiological Institute at Erlongen. 

Translated fbom the Gekman by 

C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

Abridged Contents.— I. Introduction.— II. Definition of a Ferment— in. Chemical 
Nature of Ferments.— IV. Influence of External Factors.— V. Mode of Action. — ^VI. 
Physiological Action of Ferments.- VII. Secretion of Ferments.- VIII. Importance of 
Ferments to Vital Action.— IX. Proteolytic Ferments.— X. Trypsin.— XI. Bacteriolytic 
and Hsemolytic Ferments.— XII. Vegetable Ferments.— XIII. Coagulating Fermen tB.— - 
XIV. Sacchari^ring Ferments.— XV. Animal Diastases.- XVI. Polysaccharides.— XVU. 
Enzymes.— XVill. Ferments which decompose Glucosides.— XIX. Hydrolytic Ferments. 
— XX. Lactic Acid Fermentation.— XXI. Alcoholic Fermentation.— XXII. Biology of 
Alcoholic Fermentation.— XXIII. Oxydases.— XXIV. Oxidising Fermentation.— Bibli- 
ography.- Index. 

The present Translation embodies Notes and Additions to the Work 
made by the Author subsequent to its Publication in Germany. 

" Will be a yalnable addition to the library of eyery institutioii where the work toochee 
the yast Beries of phenomena (ailed fermentations, whether in pathology, commeree, 
or scientific research.*'— The Athinmvm. 

" Such a yeritable mulium in parvo has neTer yet appeared. The author has set himMlf 
the task of writing a work on Ferments that should embrace human erudition on the 
subject ''—Brewers Journal. 

LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. 8TRANDL 



OHMMISTRT AND TMOBNOLOQT. 75 

SscoND Edition, Revised. Ih Large 8to. Handsoine Cloth. 

Price 2l8. 

THE PRINCIPLES AND PRACTICE OF 

BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

BY 

WALTER J. SYKES, M.D., D.P.H., F.I.C., 



XDITOB OF " THX AVALT8T.* 



With Plate and IlluBtrationa. 
ABSTRACT OF GONTBNTS. 

I. Physical Principles involved Fermentation, 

in Brewing Operations. I IIL Water. 
Chemistry with special re- 1 Barley and Malting. 



ference to the materials 
used in Brewing. 
11. The Microscope. 
Vegetable Biology. 



Brewery Plant. 

Brewing. 

Beer and its Diseases. 

Appendices. 

Index. 



** A Tolame of Brewing Science, which has long heen awaited. . . . We consider it on* 
of na MOST ooMPLSTB in cohtkrts and votbl ih AKEAiiouiurx that has yet been published. 
. . . Will command a large sale."— TAe £r«(oer«' •Tbumal. 

**nie appearance of a work saeh as this serves to remind ns of the svokhouslt kapid 
▲9TAIIC18 made ia our knowledge of the Scientific Principles underlying the Brewing Processes. 
... Br. Sykes' work will nndonbtedly be of the OBaAViST absistancb, not merely to Brewers, 
but to all Chemists and Biologists interested in the problems which the f'ermentation industries 
pr«Mnt.''~-2^ An(Hv9!t. 

"The publication of Dr. Stebs' mastbblt tbbatisb on the art of Brewing is quite an erenl 
in the Brewing World. . . . Deserves our warmest praise. ... A better guide than Dr. 
Sykes eould hardly be found."— Cottnty Brewerg' Qaaettt. 



In Large 8vo. Handsome Cloth. 

A6RICDLTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 

BY 

J. M. H. MUNRO, D.Sc, F.I.C., F.C.S., 

ProfesBor of Chemistry, Downton College of Agriculture. 

[In Prtparation, 

IDMDON : CHARLES GRIFFIN & Gl, LIMITED, EXETER STREET, STR/.JID. 



76- 0HARLW9 0MIJai^J9 S 00/S PfXBLIOAmOKB. 

SaOOVD EDRSOIf 9 RXTOKD AMD: Bmlaeohk 

With TftblM, lUottiatioiif la die Tezt» mad 37 lithogmphic PUtci. Medinm 

Sto. Handiome Cloth, jot. 

SEWAGB DISPOSAL WORKS r 

A Guide to the CoBstnietton of Works fto the Prevestion of the 
PollatioB Ivy Sewage of Btven and Estuaries. 

By W. SANTO CRIMP, M.Inst.CE., F.G.S., 



PART I.~4NTmoDUCTOKT. PART II.— ^WAOX^ Disposal. WoBU in 

OPBKATtOM-**THBl COMSTMUCTION, MAINTBNANCB, AND COST. 



%* FMm the fMC of the AuUkor's kATiaff* .for sooie years, had chaxse of the Main 
_ _ . ipteron Lo 

fband te iwwfrnin maay importaat detalU which wonld Bot ethenriae aave been ayaihUilc. 



e Woriu of the Northeim Sectieo of the Metropolis, the chapter on London will be 



"AUpewe—inttteatediaSenitMy Sdeaoe owe a deht ef jtatitiide to Mr. Crimp. . 
wtvk will be wiywciiUy wotiil to Samitakt AoTflHurm aad their adviten . 
iTLT PRACTICAL AN» vsBWX. . . . ffitee phMt osd deeo^pliaas of mamt or 
■ovr iMPMiTANT mrAOB w««w of aa^aad . . . will 
tin corrof om rtw ^ienand whjayof w i ch . . . Tlie 

"frabahly the mmt eamnjnm stam mnT TUATitm on the snUeet whieh has aapeared 
in our IsMnaio • * WW prsvv of the peatait «oe to all who hawo the prahum o£ 



In Crown 8ro, Extra. With Illustrations. 81. 6d» 

CALCAREOUS CEMENTS 

THEIR MATURE, PREPARATION, AND USES. 
By GILBERT R. REDGRAVE, Assoc. Inst. CE., 

iwliteiit SeereUry ffor Teehnolofy, Board of Bdnoatkni, Sooth Kenatogton.. 

Gbmskal Contents.— Introductioo*~Historical Review of the Cement 
f ndnstry—- The Early Days of Portland Cement— Composition of Portland 
Cement— Processes or Manufacture— The Washmill and the Backs — 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture— 
Orinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw- 
Materials — Employment of Slags for Cement Making — Scott's Cement, 
Selenitic Cement, and Cements produced from Sewage Sludjp^e and the 
Reliise from Alkali Works — Plaster Cements — Specifications for Portland 
Ceoicat — ^Appendices (Gases Evolved from Cement Works, Effects of Sea* 
-water on Cement, Cost of Cement Manufacture, &c., &c.) 

^ A work oaloalated to be of oxbat and xxtbitded xmLrrr" —Chemieal Nevn. 
** IWALUABU to. the Student, Architect, and Engineer."— ItetJdiR^ Nw>». 
** A work'of the ottxATKsr nrrBRxff and UBarcuiaaSf which appears at a very eritioal 
iperlod of the Cement Trade."— £H<. Tuid4 JoumaL 

** Will be osefnl to all Interested in the kahufacturb, nsi, and TssTura of Oomenta.*'-* 



tfllDON: CHARLES GRIFFIN & GO.^ LIMITED, EXETER STREET, STRAND, 



Beautifully lllwircUed, vnth Numerous IHattt; Diagrams^ and 

Eigwr€$ i» th^ TexU 2U. rmt. 

TRADES' WASTE: 

ITS TBEATMENT AND UTIIiISATIOlSr. 

With Speeiat Reference to the Pretfentien of Rium^- MfuHon, 

A ifandbook for BoFough Engineeps, SupveyotrSj.AnMleets^ 

and Analysts. 

By W. NAYLOR, F.O.S,, A.M. Inst. C.K, 

Ohief Intpector of Rivers* Sibbla Joint Commtttoe. 

OOWPEi!n!S.->I. IntrodaotioQ.— II. OhemiiJ&l Eagiaoeriag.— IIL— Wool Sre-grsuikig 
«ad Grease fiecovery.—IY. Textile Xndostries; Calico Bleaching and I^eiiig.—Y. Dr^ttg 
and Callco-Printing.— VI. Taaning aad Fell mongery.— VII. Brewery aad Distilloiy 
Waste.— Vin. Paper Mill Befase.— IX« General Trades' "Waste.— Index. 

** Aims at setting forth the canses of rirers pollution, and the best known means of 
{nWfentingsnohpoliationeooaoniicaUy. . . An attempt has been made to potait out 
ihe principles, oharaoteristics, and adTantagee of the varioos Bystonfts of treatmettiL**— 
AtUhof's Preface. 

" Aooatribttttdn of oonsidbbab&b iicPoaTANCB/' — Tk« Lmncet. 

^* There is probably no parisoa in England to-day beccor fitted to deal ratiommywftii 
«ach a sabjeot."— ^rt^MA Sanitarian. • 

" The work is thoroughly practical, aad will serve as a handbook in the future tor thOf* 
who hare to encounter ttie problems discassed."— CAemicai Trade Journal, 



8100ND EDiTK»r, ReTued and Enlarged, ^iMi New ^Bcmmr etk 

AcETYLENB. Folly lUnstrated. lOs. 6d. 

THE CHEMISTRY OF 

GAS MANUFACTURE. 

A Hand'Bo&k on the Production, Pun'flcation, and Testing of Ifluminating 
Gas, and the Aeaay of the Bye-Products of Gas Manufacture^ 

For the Usee of Students, 

BY 

W. J. ATKINSON BITTTERFIELD, M.A., F.I.C., F.aS., 

formerly Head Chemist. Qas Wbrki, Beckton, London. E. 



Ge^teral Coktbnts. — ^I. Kaw Materials for Gas Manufacture. -~n. Goal 
Gm.— III. Carburetted Water Gas.— -IV. Oil Gas.— V. Enriching by Iwdit 
Oils.— VI. —Final Datails of Manufactu'-e.— VII. Gas Analysis.— Vfll. 
Photometry. — ^IX. Applications of Gas. — ^X. Bye-Products. — XI. AcetyleiM. 
— Index. 



" The BESir wobk of its kind which we haye ever had the pleaa op e of re- 
viewing.**— Jimma^ of Gas Liffhtinf/, 

* ' Amongst works not written in German, vnt BBCOHXCHD betobb all OTKIBII^ 
BtTTTEKFiELD's Chbmistrt OF Gas MAiiTJVACTURsJ*—0A*7mker JStiiung, 

LONDON: CHARLES GRIFFIN & CO. LIMITED, EXETER STREET, STRAND. 



78 OBAMLMS BMIFFiN A CO.*B FUMUCATIOMB. 

Tenth Eoinoif , Revised. Price 6i. 

PRACTICAL SANITATION: 

A HAMD-BOOK FOR SANITARY INSPECTORS AND OTHEM 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

AMw, Msm. C^mrndL mmd Sjuumkur, SmmUmrr ImHhiU tf Grmi BrUmm, 

TUftb an SppenMi on Sanitaria Xaw» | 

By HERBERT MAN LEY, M.A., M.B^ D.P.H., 

Gbnbkal CoNTKMT8.—Introdnctkm— Water Suppbr: Drinkins Watei» 
Tdlntkm of Water— Ventilation and Warming — Princxplet of SewH* 
Itmofal — Details of Drainage; Refuse Remoral and Disposal — SanittfT 
■ad Insanitary Work and Ap^iance»~Details of Plumbers'^ Work— House 
Coostmction — Infection and Disinfection — Food, Inspection of ; Chane- 
iHistics of Good Meat ; Meat, Milk, Fish, &c, unfit for Human Food-* 
i^pendiz : Sanitary Law ; Model Bye-Laws» &c. 

"Dr. Reid's very useful Manual . . . ABOUNDS IN practical detail"' 
^Britith Medical Journal. 

*■ A YBRT ussruL HANDBOOK, with a very useful Appendix. We reoommeBd 
it not only to Sanitaxt Inspectors, but to Housbkoldrrs and aix interesttd 
in Sanitary matters.*'— ^ani/arir Rteoird, 



COMPANION VOLUME TO REID'8 SANITATION. 

In Crown 8vo. Handsome Cloth. Profusely Illustrated. 8s. 6d. net. 

Sanitary Engineering: 

A P<:aotfea/ ManucJ of Toufti Drainage and Sewage and Refuee Dispoeaf^ 

Fmt SanltaiY Aiitliorlttoa, livlneeia, lne|Meter% AroMteola, 
Oentraotors, and ttuclanta. 

BY 

FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Bofough Engineer and Sunreyor, Fulham ; late Borough Engineer, Bacup, Lanes. 



GENERAL OONTENTS. 

latioductioa.— Hydraulics.— Velocity of Water in Pipes.— Earth Pressmes and Retaining 
Walli.— Powers. — House Drainage. -^ Land Drainage. — Sewers. — Separate System. — Sewagf 
limping. — Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c. — Trade Refuse.— 
Sewage Disposal Works.— Bactkriolysis.— Sludge Disposal.— Construction and Oeansing 
•f Sewers. — Refuse DisposaL — Chimneys and Foundations. 

** T1»e Tolmne brisdes with infoniiatkn which will be greedily rrad by those in need of assistance. The 
book IS one that ooKht to be ou the bookshelves of EVBRY PRACTICAL B.KGIKBB.K,'' —SanUary Jemrrml. 

** A VERITABLE POCKET COMPENDIUM of Sanitary Fnifineennfr. ... A work whkh n^v. iiv 
■ay respects, be considered as COMPLETE . . . COMMENDABLY CAVTICUS . . . iktlkem'i>«^ 
. . . SUGGESTIVE."— />wMrc //m/tA ficrviwwr 

LONDON : CHARLES GRIFFIN ft Gl. LIMITED, EXETER STREET, STRAND. 
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Vol. I. Now Ready. In Half Morocco, 2 Is. 

In Two VolumtSy each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS, AND SCIENTIFIC CHEMISTS. 

Volume I. — Chemical Engineering, Physical Chemistry. [.Just OuL 
Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 

Metallurgy at the Finsbury Technical College. 

The Tables may almost claim to be exhaustive, and embody and collate all the most 
ecent data established by experimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work compnrehends as far as possible all rules and tablbs required by the 
'Analyst, Brewer, DistUler, Acid- and Alkali-Manufacturer, &c., &c, ; and also the prin- 
cipal data in Thbrmo-Chbmistry, Elbctro-Cmemistrv, and the various branches of 
Chbmical Physics. Every possible care has been taken to ensure perfect accuracy, and 
t« include the results •f the most recent investigations. 



In Large Svo. Handsome Cloth, Beautifully Illustrated. With 
Plates and Figures in the Text, 2l8. 

Road Making and Maintenance: 

A FBACTICAI. TBEATISE FOB ENGINEERS, 

SURVEYORS, AND OTHERS. 

Wits ak Historical Sketch op Anoibnt and Modern Practice. 

By THOS. AITKEN, Assoc.M.Inst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the Sanitury 
Inst ; Surveyor to the Ooanty Oonnoil of Fue, Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 

Contents. — Historical Sketch. — Resiatance of Traction. — Lay Ids oii4 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Eoad 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage.— Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 

*'The Literary style is sxcBLLBNT. . . . A comprehbnsive and sxcbllxnt Modem Book, sn 
VP-TO-DATi work. . . . feJhould be on the reference shelf of every Municipal and County 
Bmrineer or Surveyor in the United Kingdom, and of every Colonial Engineer."- TAe Surveyor. 

tONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Third Edition, Revised and Enlarged. With Iliustrations. I2s. 6d. 

Painters' 
Colours, Oils, & Vapnishes: 

A PBACTXOAZi MAITQAIi. 

By GEORGE H. HURST, F.CS., 

M ai b a r of the Society of Chemical Induttrr ; Lecturer oa the Technology of Paiafeiii^ 
CobiuB, Oils, and Varu«htt» the Muakipia Technical School, Mtwh^ifn^. 

General Contents.— Introductory— Thb Composition, MANiTFAcmi^ 
AiSAT, and Analysis of Piombnts, White, Red, Yellow and Ononge, Gma, 
due. Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehidei 
<<Oils, Turpentine, &c., &c. )— Diiec^-VARNiSHES. 

" A THoaouGHLY PRACTICAL book, ... the OMLT EngUih work that ■aritfartiair 
'treats of the manufiictare of oils, colouss, aad pigveats." — Ck §mkmi Trmdt^ y^mmmL 

*«* For Mr. Hurst's Garment Dyeing and Cleaning, see p. S4. 



In Crown 8vo. Handsome Cloth. With Ilhntrations. 5s. 

THE PAINTER'S LABORATORY WSSL 

A Student's Handbook of Paints, Colours, and Vamislias* 

By GEORGE H. HURST, F.C.S., M:.S.C.I. 

Abstract OP Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Varnishes. — Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

Thit Work htts betn desitnedby the Author fdr the Laboratory of the Technical School, and 
of the Paint and Colour Works^ emd/or aU it^r*9ted or emgmged in these industries. 



■Second Bdition, Eevised. In Grown 8yo. extra. With Nameroua Dlftiftra- 
tions and Plates (some in Colours), including Original Designs. 128. 6d« 

Painting and Decorating: 

A Complete Practical Manual for HOU80 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

UMTina* AT Tsa xANOBBsraa TxomacAL ■cbool vor Honsji-PAnmva akd vaooaanvei 

GENERAL CONTENTS. 

Introduction — Workshop and Stores— Plant and Appliances— Brushes and 
Tools— Materials : Pigmeata, Driers, Painters' Oils— vvall Hanp;ings — Pa^ 
Hanging— Colour Mixing — Distempering — Plain Painting — Stainmsr — Yanush 
•nd varnishing — Imitatire Paastmg — Graining — Marbling — Giloung^— S^flpir 
Writing and Lettering— Decoration : General Principles — Decoration is In»- 
. temper — Painted Decoration — Relievo Decoration — Colour — ^Measuring aai 
Estimating — Coach-Painting — Ship-Painting. 

'*A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, FRAOTIOAL ISVOE' 

MATION in a clear and concise form." — Plumber and Decorator, 

" A THOBOUOHLT GOOD AND RELIABLE TEXT-BOOK. . . . SO FUIA ftOd 

OOMPLETE that it would be difficult to imagine how anything further oonld bt 

added about the Painter's craft." — Builder*' JoumaL 

--- - - -- — - - — ■--- - 

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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■ JUST OUT. In Large 8vo. Handsome Cloth. With 4 Plates 

and Several Illustrations. i6s. net. 

THEGttEMISTRY OF INDIA ROflBEfi. 

A IV^attse on the Nature of India Rnbber, its Chemical and' 

Physical Examination, and the Determination and 

Valuation of India Rubber Substitutes. 

Including the Outlines af a Theory on Vulcanisation. 

BY 

CARL OTTO WEBER, Ph.D. 

Abstract of Contents. — Introduction. — ^The Chemistry kA India Rubber. 
— T}m Examination and Valuation of India Rubber. — Examanation of India 
Rubber Substitutes. — Inorganic Filling Materials. — ^Vulcanisers and Sulphur 
-Carriers. — India Rubber Solvents. — Colouring Matters and Pigment Cbloues. 
-^-Constructive Components of India Rubber Articles. — ^Analysis of Mann- 
€actui*d India Rubber. — Sanitary Conditions in India Rubber Works. — 
Index. 



In Laige Svo. Handsome Cloth. With 144 Illttstrations. aSs. 

Fixed Oils, Fats, Butters, 

and Waxes: 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

, BY 

C R. ALDER WRIGHT, D.Sc, F.R.S., 

L«te Lecturer on Chemistry, St. Mary's Hospital Medical School ; Examiner in ** Sovp** 

to tlM City and Guilds of London Institute. 

" Dr. Wkight's work, will be found absolutblv xndispexsabls by cTery Chemist. 
TsBMS with information valuable. alike to the Analyst and the Technical Chemist.''— 
:fMt Analyst' 

"Will rank as the Stamdajcd Englisk Authoxitt on Oils and Fats for 
to come.'' — IndmUiru* mmd Irmt* 



LONDON : CHARLES 6RIFFIN & CO^ LIMITEQ, EXETER STREET^ 8TRANL 
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§10. THE T EXTILE IN DUSTRIES. 

In Two Large Volumes, 920 pp., with a SuppUmentary Volume^ 
containing Specimens of Dyed Fabrics. 45s. 

A MANUAL OF DYEING: 

ra« THi USE OP PRAOTICAL OYiRS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OP DYEING. 

BT 

B. KNECHT, Ph.D., F.LC, CHR. RAWSOH, F.I.C., F.C.S.. 

0t Vbf» frnwulrtii «ad Dydnf D^partmwit d Lrt»H<>d»fth»0h«Btoti7MidPrilii»Pi |M l MM* 
'kBlMl 8«li«oU ]lMi«liwtv; Bdltor ol " Th« •! th« Tfohnloal Ooll«f«, Bndfocd ; Mmahm « 
•f tteBootoftjofDTMniMMlOolourlito;" Oovaeil of th« Bodttj of Dyws aad OotowMiS 

And RICHARD LOEWENTHAL, PIlD. 



Gkhxral Contsnts.— Chemical Technoloffj of the Textile Fabrioi— 

Water— WAshing and Bleaching — Aoids, Alkaliei, Mordants— Natural 

CttUniring Matters— Artificial Organic Colouring Matten-^Mineral Colowt 

—Machinery used in Dyeing— Tinctorial Properties of Colouring Matten— 

Aaalsrsis and Valuation of Materials used in I^eing, ftc, &o. 

* The M oe* taluablb and utsiux. wosx on Drying thMt has yet appeand In the 
likely to bo nu Btaxoabd Wobx or Hsnuunios for jaan to 



** This aathoritatiTO and ezhanatlTo work ... the Moer ooMPLBTa we have yet wstm 
en the rabjoef^^nrfite MamnfaeiMrtr. 

** l^e MOM xxBAUBmn and ookpuwb wobk on the anbleet extant.'*— IMiK JUeordtr. 



Companion Volume to Kneehi di Bawson^s '* Dyeing." In Large 8vo. 
Handsome Cloth, Library Style, 16s. net. 



DVES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With FormulcB, Properties, and Applications of the various substances described, 
and concise directions for their Commercial Valuation, 
and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Consoltlng Chemist to the Bebar Indigo Planters' AMociation ; Co- Author of *' A Manual 

of Dyeing;" 

WALTER M. GARDNER, F.C.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical Colleger 
Editor of the " Joum. 8oc. Dyers and Colourists ;" 

And W. F. LAYOOCK, Ph.D., F.C.S., 

Analytical and Consulting Chemist. 

** Turn to the book as one may on any subject, or any tobBtance in connection with the 
trade, and a refot enoe in sure to be found 'I'he authors have apparently left nothing out. 
Considering the immerse amount of information, the book is a cheap one, and we trust i* 
will be widely appreciated."— rex/ie Hercuty. 

LONDON : CHARLES GRIFFIN i CO.. LIMITED. EXETER STREET, STRAND. 
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In Large 8vo, Handsome Cloth, with Numerous Illustrations, 9«. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Bistributioiiy Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM L HANNAN, 

Lecturer on Botany at the Anhton Municipal Techn1c<il School, Lecturer on Cotton 
Spinning at the Chorley Science and Art School, Ac. 

With Numerous Photo Engravings from Nature. 

*»* The subjects discussed in this volume are, in order to facilitate 

Teference, arranged in alphabetical order under their respective heads. The 

work may thus be regarded as a Dictionary on Textile Fibres. A feature of 

the work is the wealth of botanical description which accompanies the 

Section dealing with Vegetable Fibres. — Publishers^ Note, 

" Useful Infoshatiox. . . . Adhikablb Illdstsations. . . . The Information 
is not easily attainable, and in its present conyenient form will be valuable." — Textile 
Recorder. 



TEXTILE PRINTING: 

A FBACTICAIi MAKUAIi. 

Including the Processes Used in tlie Printing of 

COTTON, "WOOLLEN, SILK, and HALF- 
SILK FABBICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem, Boc. of OhmUeal Industries; late Lecturer at t?ie Jiunicipml Technical AcAool, 

Memchseter, 

In Large 8yo, with Illustrations and Printed Patterns. Price 2IM. 



General Contents. — Introduction. — The Machinery Used in Textile 
Printing.— Thickeners and Mordants.— The Printing of Cotton Goods.— The 
Bteam Style.— Colours Produced Directly on the Fibre.— Dyed Styles.— 
Padding Style.— Resist and Discharge Styles.— The Printing of Compound 
C!olourings, &a— The Printing of Woollen Goods.— The Printing of Silk 
Goods. — Practical Recipes for Printing. — Appendix. — Useful Tables. — 
Patterns. 

** Bt vab ths bmt and most FKAcnoAL book on tbxtilb PBurrnire which has yet Immi 
brought out, and will long remain the standard work on the sabjeet It is 68S«n«laUr 
practical in character.'*— 2%r<t'I« Mtreury. 

** Thx most pBAonoAL KAzruAL'of TBXTILB pBDiTiNO which has yet appeared. We havt 
«o hesitation in recommending it**— 7%« Textile Manufacture'. 

lONOOH: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 



S4 CHAMLES ORmFiN ^ CfO.'S PURLIOA TI0N8. 

Luge 8to. Handiome doth. Iftk 6d. 

mjlMiHING & CALICO-PRINTING. 

A Short Manual for Students and 

Fractioal Men. 

By OEOBGE DXJERR, 

INvMlor of the BtaMhtaf , Dyvte?. Md Priatlaff DepartaMot al th* AMiiMten uid Bacap- 
Twhuieal Schools ; OhoBlat and Oolonrlat at the Inrell Print Wevka. 

A8SI8TKD BT WILLIAM TUENBJJLL 

(of Tunitall U Stoakdale, Limited). 

With Illustr&tionfl and upwards of One Hundred Dyed and Printed Pattem» 
designed apeeiaUy to show Tarions Stages of the Proceases described. 

GENERAL CONTENTS.— Cottoiv. Oomposxtion' of; Bleachiko, New 
Processes ; Pkintivo, Hand-Block ; Flat-Press Work ; Machine Printings 
Mordants— Styles of Calico-Pbintino : The Dyed or Madder Style, Retiiit- 
Padded Style, Discharge and Extract Style, Chromed or Raised ColotUBS, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Mattets- 
— ^Tannin Matters — Oils, Soaps, Solvents — Organic Adds^Salts — Minfgal 
Colours—Coal Tar Colours— Dyeing—Water, Softening of —Theory o^Golov» 
— ^Weights and Measures, &c. 

** When a madt way oat of a dilBcaltj is wanted. It li n iooks liki fHis that it is found."— 
TmatiU Beoorder. 

"Mr. Dubkb'b work will be found vos* ussfTL. . . . The infonnation giren is of obbaS' 
▼ALUS, . . . The aebipee are MOEOoesaT g»AOTiOAi>"— JwPrtto MUmn ^tut mrm ; 



Second Edition. Revised and Enlarged. With Nmerous 

Illustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. .H\URST, F.C.S., 

Member of the Society of Chemical Industry. 

CtaMBBAL CoNTSNTS.— Technology of the Textile Fibres— Garment Cle«iiiisr 
-•DyetDg of Textile Fabrics — Bleaching — ^Finishing of Dyed and Cleaned Fabnes — 
Sco urin g and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers — 
Glove Gleaning and Dyeing — Straw Bleaching and Dyeing*— Glessaty of Di^^ 
and Chemiaals— Usefiil Tables. 

" An UP-TO-DATB hand book has long been wanted, and Mr. Hurst has doae notfaine 
SMre complete than tliis. An imponant work, thefiwre so that several of the branches of 
the craft here treated npcn are ahnost eutiidy without Erglisfa Masuads for the guidasoe 
of workers. The price brings it within the readi of t]l.**—£>^er ami CaUco-Prinitr. 

** Mr. Hurst's wonc itecidbdlv tills a waxt . . . ought to be in the hands of 
BVBKY GARMBNT DYBR and cleaDcr in the Kingdom" — Ttx^ Mrrcury, 

UmON : CHARLES GRIFFIN ft CO.. UNITED. EXETER STREET. •'STIMm. 



smTHODUCTORT SCISNOS SERIES. . »5 

**Bosn OOULD NOT HATi ▲ MORS ALLUBiiro ihteoduotion to Bclentiflo pnniiite 
i/kam. Umm cbarmiDg-lookisg volumeB."— Letter to the Publishen from the Heed- 
■laetor ef one of our great Pablio SchooU. 

OPEfl-MH STUDffiS qi BOTfillY: 

^SKETCHES OF BRITISH WILD FLOWEBS 

IN THEIB HOMES. 

By R. LLOYD PRAEGER, B.A., M.R.LA. 

Olastrated by Drawingrs fpom Nature by S. Rosamond PraegePr 

and PhotosrPiipbs by R. Welch. 

HuidBome Cloth, 7a. 6d. Gilt, for Presentation, 88. 6d. 

CNdixbal Contxnts. — A Daisy-Starred Pasture— Under the Hawthorn* 
— >By the Biyer — ^Along the Shingle — A Fragrant Hedgerow — A Gonnemara. 
Bog — ^Where the Samphire grows — A Flowery Meadow — Among the Conk 
<a Study in Weeds) — In the Home of the Alpines — ^A City Rubbish-Heap — 
Glossary. 

"A FBSSH AFD STDCULAXmo book . . '. should take a high place . . . The- 
niustratioiia aie drawn wtth mach AXXV'—The Timet. 

** BSAVTIFULLT ILLUSTiLA.TKD. . . . One Of the MOST ACOUIUTS M well a» 

maKmraQ bookB of the kind we have »9en"—AthsniBum. 

"Sedolent with the scent of woodland and meadow. "-^TA^ SUmdard, 



OPEH-fllH STODIES Hi GEOLOGY: 

An Introduction to Geolosry Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

fteftssor of Oeologj In the Boyal College of Science for Ireland, 
and Examiner in the University of London. 

WHk is Full^Pagt UluBtratiOM from PhotographM. Cloth, 89. 6d, 

GsRSBAL CoNTKMTS.— The Materials of the Barth-:-A Mountain HoUow 

*— Down the Valley — Along the Shore — ^Across the Plains — Dead Voleanoea 

—A Granite Highland— The Annals of the Earth— The Surrey HiUb— The 

Folds of the Mountains. 

**T|ie WAMcatATaQ *Orma-Ain BravoB' of Psov. Coui glTe the subject a glow or 
AxniATiON . . : cannot fall to arotiBe keen interest in geology."— geoiegtgaiJtfag—ia e . 
** A CHAKMiKO BOOK, beantlfaliyllltistrated." -il<Aen«um. 

Oeeuttifu/fy frustrated. With a Frontispiece in Colours, and Numerous- 
Specially Draurn Plates by Charles Whymper. 

OPEj-fllll STUDIES IH BIHD-IIFE : 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

By CHARLES DIXON. 

The Spaciocis Air. — The Open Fields and Downs.— In the Hedgerows.— On- 
Open Heath and Moor.— .On the Mountains. — Amongst the Evergreens. — 
Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud- 
flats. — ^Sea*laved Bocks. — Birds of the Cities. — Index. 
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